ADMINngL/-E\g%EBEgECORD Hll!llllllllll!llllll

. 14.00.00

REPO R T sesewesemmenressrsrr i o S assames

Solutions for
energy,
environment
& technology

PACIFIC ENVIRONMENTAL
SERVICES, INC.

(A

-R8 SDMS



EMISSION MEASUREMENTS AT THE ASARCO LEAD SMELTER
IN EAST HELENA, MONTANA
II. RESULTS, CALCULATIONS AND APPENDIXES

May 1980

EPA Contract 68-01-4140
Task Order 60

Performed for

EPA Region VIII
301 South Park
Helena, Montana 59601

John Busik, Project Officer
Thomas 0. Harris, Task Manager

Pacific Environmental Services, INC.

CORPORATE OFFICES 2716 Ocean Park Boulevard, Suite 3010 Santa Monica, California 80405 (213) 450-1800
WESTERN OPERATIONS 1930 14th Street Santz Monica, California 90404 (213) 450-1800

MIDWEST OPERATIONS 465 Fullerton Avenue Elmburst, Illinois 60126 (312) 530-7272

RESEARCH TRIANGLE PARK OPERATIONS 1905 Chapel Hill Road Durham, North Carolina 27707 (919) 493-3536
WASHINGTON, D.C. OPERATIONS 8150 Leesburg Pike, Suite 600 Vienna, Virginia 22180 (703) 790-0272



¢ 0120297

TABLE OF CONTENTS

[
Section Page
1.0 INTRODUCTION c.vciviscoscusunssiumun s iesansasnsas ausses saaasis 1-1
2.0 SAMPLING AND ANALYSES ..iviiiiieineneecerenenncecesasnnnnnnns 2-1
[ 2.7 SamPliNg ..iciiiinieeenroennceccesoscasecsssoanssscnnanss 2-1
2.2 BRATYSES cucisannsonsaneisssisssssssessssssveeessssess 2-1
2.3 Sample Custody ....cceieiierneenneneocncsocescosnssnsnnas 2-1
N 3.0 SUMMARY OF RESULTS +vvvurvrenennneecenneaaeosonneenasannanans 3-1
APPENDIX A. SAMPLING AND ANALYTICAL PROCEDURES ....cccvvveecennes A-1 |
APPENDIX B. DIAGRAM OF PARTICULATE SAMPLING TRAIN .....ccvvuvunns B-1 |
APPENDIX C. DESCRIPTION OF PROPOSED VARIATIONS TO EPA METHOD 5 .. C-1
- (Letter: Salot to Gordon, with attachments)
APPENDIX D. APPROVAL OF SPECIFIED VARIATIONS TO EPA METHOD 5 ... D-1
(Letter: Byrne to Gordon, with attachment)
APPENDIX E. TYPICAL CALCULATION: MAIN STACK RUN NO. 1.....ccvvnne E-1
APPENDIX F. STACK TEST DATA SHEETS .ciiisescosnssciosanansaasnsss F-1
® APPENDIX G. BAGHOUSE STACK SAMPLING POINTS ..vivivivccnnennscnnes G-1
APPENDIX H. STACK TEST EQUIPMENT CALIBRATION .....cvcvcveccecnenns H-1
APPENDIX I. PITOT TUBE CALIBRATIONS ..cvivivrerecncenscnncnncnnns I-1
®
J
]
o




Ci?d
LIST OF ILLUSTRATIONS
Figure Page
1-1 A Schematic of Major Plant Components ........cecveeeeenenens 1-2
LIST OF TABLES
Table Page
3=1 Summary Of Test ReSUTES civsvsscisssssscossvussnssnnvsnonses 3-2

3-2 Test Data SUMMArY ...veveeeeneeeeeeeeeanocccsceosaascssssnnse 3-3

ii




1.0 INTRODUCTION

The emissions from the ASARCO smelter in East Helena, Montana,
had never been evaluated as to compliance with the state of Montana's
State Implementation Plan as promulgated in the Federal Register
at 40 FR 10877, May 31, 1972. It was important that this be done,
and Pacific Environmental Services (PES) was assigned this project
under contract 68-01-4140, Task number 60. The testing and analyses
were carried out by a sub-contractor, Certified Testing Laborator-
jes (CTL) of South Gate, California, with some additional manpower
supplied from PES.

The ASARCO plant is a custom smelter serving numerous small
mining operations and handling a variety of ores. The plant pro-
cesses an average of 300,000 tons of material per year, producing
lead, copper, gold, silver, and zinc. A schematic (from ASARCO)
of the major plant components is shown in Figure 1-1. The sampling
locations are identifiable on the figure as follows:

1. Sinter plant main stack flue
2. Flue to the zinc fuming plant stack
3. Blast furnace baghouse; three stacks

There was also a tentative plan to sample the kettle ventilation
baghouse stack, not shown on the figure, but this was not carried out.

The sinter plant main stack was readily accessible from existing
platforms and was already ported for sampling. The flue to the zinc stack

required additional ports for a vertical traverse, which were put in
by ASARCO. Access to this stack (a large horizontal stack) required

erection of scaffolding, which was done while the main stack was
being sampled.

The blast furnace baghouse stacks are square wooden stacks about
eleven feet across, connecting at right angles with the interior of
the building just at the three gables on one end. The sample ports,
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Figure 1-1.

A Schematic of Major Plant Components
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therefore, had to be a minimum of 22 feet above the right angle.
Since the roof top was roughly 80 feet off the ground, it was only
practical to sample from the roof side of the stacks. ASARCO
constructed three wooden pads across the roof peaks next to the
stacks, to serve as the support for scaffolding needed to reach the
sampling location 22 feet higher. The scaffolding was hoisted up
with a davit to walkways just below the roof and manhandled the
rest of the way to the pads. This scaffolding was also erected
while the main stack was tested. The pad at baghouse stack number
one was slightly under size, so that two 5' x 7' scaffolds did

not fit crosswise, as intended. Instead, a single scaffold was
placed lengthwise. (By oversight, the task manager was not informed
of the undersized pad in time to have it altered. The single scaffold
made the two sample ports outboard of the scaffold difficult of
access.) A11 scaffolds were strapped securely to the stacks.
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2.0 SAMPLING AND ANALYSES

2.1 SAMPLING

‘Sampling work began on October 18, 1979 and was continued
through to October 27 without breaks. The main stack and the zinc
stack were each tested three times, requiring two days each. The
plan was to sample the three baghouse stacks simultaneously with
three trains, to which end two additional 11 foot probes had been
acquired (to reach across the stack from one side). One balky
sampling train delayed actual testing to the point where, with
concurrence of the EPA observers, the stacks were instead tested
three times each, in pairs. Test procedures are described in the

Appendix.

2.2 ANALYSES

Filter samples were returned to CTL for reweighing, extraction,
and analysis by atomic absorption spectroscopy for lead, arsenic,.
and cadmium. The analytical procedures are described in the
Appendix. The impinger catches and probe washes were combined for
determination of dry residue weights and the same three metals. The
lead and cadmium were run by standard flame atomic absorption
methods, the arsenic after generation of the hydride (arsine). Each
extract was run in triplicate. Each of the three determinations
was made by a different technician with his own reference standards.
One of the three also ran standard additions to all samples to
demonstrate lack of matrix effects. All lab determinations were averaged.

2.3 SAMPLE CUSTODY

A11 samples (filters, washings, impinger catches) from point
of collection were kept in the custody of the testing sub-contractor
and brought back by him to his laboratory for analysis.
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After sample extraction and analyses, the residues were stored and
at this date remain in his custody (Certified Testing Laboratories,
South Gate, California). According to prior ASARCO-EPA agreement,
and upon verbal approval from Mike Davenport of the EPA office in
Helena, portions of these extracts were sent to ASARCO.
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3.0 SUMMARY OF RESULTS

A11 sampling rates were within the acceptable range for percent
isokinetic (actual range 93-101%). A summary of results is given
in Table 3-1, followed by a more detailed tabulation of data and
calculated values in Table 3-2. (Copies of the field work sheets are

in the Appendix.)

Total particulates combined on the filter and in combined
impinger and washings in three runs were: main stack - 0.0491 to
0.0626 gr/DSCF; flue to the zinc stack - 0.0116 to 0.0137 gr/DSCF; and
baghouse stacks - 0.00693 to 0.0170 gr/DSCF. The major part of the
total, except in a few baghouse samples, was in the impingers and

washings.

The lead emissions in kg/day were: main stack - 32.0 to 49.6;
flue to the zinc stack - 4.98 to 16.5; baghouse stacks - 6.65 to 12.9.
Cadmium emissions in kg/day were: main stack - 0.667 to 0.789; flue to
the zinc stack - 0.098 to 0.341; baghouse stacks - 1.13 to 3.52.
Arsenic emissions in kg/day were: main stack - 28.2 to 49.1; flue to
the zinc stack - 2.28 to 8.03; baghouse stacks - 0.831 to 2.66. Thus
lead emissions were highest in the main stack and fairly similar in the
flue to the zinc and baghouse stacks. Cadmium was highest in baghouse
stacks and lowest in the flue to the zinc stacks. Main stack arsenic
emissions were about as high as those of lead.

3-1
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Table 3-1. SUMMARY OF TEST RESULTS

®
Particulate Concentration gr/DSCF| Mass Emission Rate kg/day
Sample
® Location Run Volume Filter Impinger | Total Lead Cadmium Arsenic
DSCF & Washes
Main Stack »
1 65.2 0.00679 | 0.0423 0.0491 33.2 0.741 28.2
2 46.4 0.00910 | 0.0535 0.0626 49.6 0.789 49.1
3 441 0.00738 | 0.0536 0.0609 32.0 0.667 48.8
® Flue to
Zinc Stack 1 41.2 0.00232 | 0.00986 0.0122 16.5 0.271 3.87
2 441 0.00165 | 0.0121 0.0137 5.45 0.098 2.28
3 43.7 0.00170 | 0.00989 0.0116 4,98 0.341 8.03
Baghouse Stack
#1 3 83.7 0.00354 | 0.00706 0.0106 9.06 2.80 1.00
) 4 74.7 0.00391 | 0.00922 0.0131 9.13 2.44 2.14
5 87.6 0.00267 | 0.00569 0.00836 7.14 3.52 1.7
Baghouse Stack
#2 1* 76.5 0.00508 | 0.00801 0.0131 12.9 3.46 0.831
2 76.6 0.00431 | 0.00417 0.00848 10.8 1.72 1.74
3 77.3 0.00469 | 0.00521 0.00990 8.05 2.30 1.07
® 4 83.2 0.00549 | 0.0105 0.0160 10.6 3.18 2.66
Baghouse Stack
#3 1 65.2 0.00436 | 0.0126 0.0170 10.8 2.52 1.58
2 67.3 0.00346 | 0.00489 0.00835 7.46 1.13 1.52
5 72.8 0.00318 | 0.00375 0.00693 6.65 3.17 1.00
%
* Run not valid due to leak from broken glass filter.
(Break occurred after end of run)
o
&
*®

3-2




e=E

*Run not valid due to leak from broken glass filter.
(Break occurred after end of run)

® o L ® & @ @ o
Table 3-2. TEST DATA SUMMARY
CTL - ENVIRONMENTAL SERVICES
2905 E. Centurx Boulevard
South Gate, CA, 90280
Report to: Pacific Environmental Services Source Test Work
2716 Oceanpark Blvd., Suite 3010 ASARCO Smelter
Santa Monica, California 90405 Helena, Montana
LOCATION RUN # and DATE  METERED VOLUME  BAROMETRIC  AVERAGE AVERAGE METER VOLUME GAS SAMPLED AT
PRESSURE AH METER CORRECTION STANDARD CONDITIONS
(Inches Hg) (Inches H,0) TEMP.OF FACTOR 68°F  29.92 Inches Hg
(cubic feet)
Main Stack 1 9/21/79 74.3 26.0 2.5 69.0 1.00 65.2
2 9/21/79 54.4 26.0 2.5 84.6 1.06 46.4
3 9/21/79 53.4 26.0 2.3 103 1.00 44 1
Flue to 1 9-22-79 49,1 25.9 0.98 89.0 1.00 41.2
Zinc Stack 2 9-23-79 49.6 26.0 1.08 60.8 1.00 441
3 9-23-79 50.5 26.0 1.13 73.8 1.00 43.7
Bag House
Stack #1 3 9-28-79 98.6 25.9 3.80 82.4 0.996 83.7
4 9-28-79 89.4 25.9 3.09 90.8 0.996 74.7
5 9-29-79 104.4 26.1 3.98 92.4 0.996 87.6
Bag House *
Stack #2 1 9-26-79 89.0 25.9 3.06 79.1 1.00 176.5
2 9-27-79 90.7 26.0 3.05 90.1 1.00 76.6
3 9-28-79 88.2 25.9 3.07 68.1 1.00 77.3
4 9-28-79 99.6 25.9 3.63 96.0 1.00 83.2
Bag House
Stack #3 1 9-26-79 77.3 25.9 2.35 84.2 0.996 65.2
2 9-27-79 80.4 26.0 2.42 90.0 0.996 67.3
5 9-29-79 83.3 26.1 2.70 72.9 0.996 72.8
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Table 3-2. TEST DATA SUMMARY (CONTINUED)

Pacific Environmental Services CTL - ENVIRONMENTAL SERVICES
Page #2

ASARCO  July, 1979

LOCATION RUN # AND DATE WEIGHT WATER % WATER PITOT TUBE AVG./ AP  AVG, STACK  STACK DRY MOLECULAR STACK VELOCITY
COLLECTED CORRECTION | .\ o TEMPERATURE PRESSURE WE IGHT Ft./Sec
grams FACTOR Cp 2 oF Inches Hg STACK GAS : :

Main Stack 1 9-21-79 23.5 1.7 0.819 0.895 171 25.5 29,1 58.0

2 9-21-79 31.4 3.1 0.819 0.891 176 25.5 29.1 58.1

3 9-21-79 42.2 4.3 0.819 0.856 182 25.5 29.1 56.2
Flue to
Zinc Stack 1 9-22-79 .3 2.7 0.833 0.556 224 25.9 28.9 38.1

2 9-23-79 12.0 1.3 0.833 0.579 211 25.9 28.9 39.1

3 9-23-79 18.0 1.9 0.833 0.585 224 25.9 28.9 39.9
ngagz”;‘; 3 9-28-79 30.8 1.7 0.819 0.247 167 25.9 28.9 15.9

4 9-28-79 26.2 1.6 0.819 0.221 178 25.9 28.9 14.3

5  9-29-79 32.4 1.7 0.819 0.256 162 26.1 28.9 16.3
B Ut 1 %9-26-79  29.6 1.8 0.839 0.219 160 25.9 28.9 14.3

2 9-27-79 31,2 1.9 0.839 0.217 158 26.0 28.9 14.1

3 9-28-79 25,5 1.5 0.839 0.217 149 25.9 28.9 14.0

L 9-28-79 30,1 1.7 0.839 0.240 160 25.9 28.9 15.7
Bag House 1 9-26-79 27.6 2.0 0.819 0.197 176 25.9 28.9 12.8
Stack #3 2 9-27-79 28.2 1.9 0.819 0.197 168 26.0 28.9 12.6

5  9-29-79 30.5 1.9 0.839 0.204 140 26.1 28.9 13.1

*Run not yvalid due to leak from broken glass filter,
(Break occurred after end of run)

L0C02T0
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Table 3-2. TEST DATA SUMMARY (CONTINUED)

Pacific Environmental Services CTL - ENVIRONMENTAL SERVICES
Page #3

ASARCO July, 1979

LOCATION RUN # AND DATE  MOZZLE SAMPLING % ISOKINETIC FILTER WEIGHT  PROBE WASH PROBE WASH

DIAMETER TIME GAIN . AND IMPINGER AND IMPINGER
Inches Minutes mg CATCH CATCH VOLUME
mg ml
Main Stack 1 9-21-79 0.250 84 '93.1 28.7 179. 649
2 9-21-79 0.250 60 95.1 27.4 161. 632
3 9-21-79 0.250 60 95.3 21.1 153. 500
F1
Tioe Soack 1 9-22-79 0.253 8l 94.7 6.2 26.3 648
2 9-23-79 0.253 8l 95.1 5.7 344 718
3 9-23-79 0.253 8l 94.8 4.8 28.0 550
B e 3 9-28-79  0.485 9 99.6 19.2 38.3 727
L 9-28-79 0.485 96 100. 18.9 446 934
5 9-28-79 0.485 96 99.8 15.2 32.3 604
Bag House *
1 9-26-79 0.489 96 98.1 25.2 39.7 684
SHek &t 2 9-27-79 0.489 96 99.1 21.4 20.7 586
3 9-28-79 0.489 96 99.1 23.5 26.1 824
4 9-28-79 0.485 96 97.4 29.6 56.8 559
nga:z”;g 1 9-26-79 0.485 96 98.2 18.4 53.4 535
2 9-27-79 0.485 96 101. 15.1 21.3 711
5 9-29-79 0.489 96 98.4 15.0 17.7 524

*Run not valid due to leak from broken glass filter.
(Break occurred after end of run)

-
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Table 3-2. TEST DATA SUMMARY (CONTINUED)

Pacitic tnvironmental Services
Page #4

CTL - ENVIRONMENTAL SERVICES
ASARCO July, 1979

9-t

LOCATION RUN # AND DATE TOTAL WEIGHT TOTAL WEIGHT TOTAL WEIGHT
LEAD COLLECTED CADMIUM COLLECTED ARSENIC COLLECTED
mg mg mg
1 2 3 AVG 1 2 3 AVG 1 2 3 AVG
Main Stack 1 9-21-79 11.0 10.8 10.5 10.8 0.239 0.241 0.244% 0.241 9.1 9.58 8.82 9.17
2 9-21-79 1.8 11.2 11.5 11.5 0.183 0.180 0.185 0.183 11.6 1.6 10.9  11.4
3 9-21-79 7.58 7.30 7.15 7.34 0.153 0.151 0.155 0.153 11.3 10.7 1.5 11.2
Flue to
Zinc Stack ! 9-22-79 3.18 3.08 3.10 3.12 0.051 0.050 0.052 0.051 0.75 0.75 0.70 0.73
2 9-23-79 1.06 1.05 1.03 1.05 0.019 0.020 0.017 0.019 0.47 0.41 0.45 0.4k
3 9-23-79 0.96 0.93 0.97 0.95 0.063 0.066 0.065 0.065 1.55 1.47 1.58  1.53
Bag House
Stack #1 3 9-28-79 6.15 5.80 6.02 5.99 1.82 1.85 1.88 1.85 0.66 0.59 0.73 0.66
L 9-28-79 6.10 6.02 6.07 6.06 1.63 1.61 1.62 1.62 1.48 1.38 1.40  1.42
5 9-29-79 4,80 4.70 L4.70 4.73 2.33 2.30 2.35 2.33 1.12 1.10 1.17  1.13
Bag House *
Stack #2 1 9-26-79 8.73 8.40 8.48 8.54 2.29 2.30 2.28 2.29 0.57 0.54 0.54 0.55
2 9-27-79 7.33  7.10  7.30  7.24 1.4 1.20  1.11 1.15 1.23 1.06 1.18  1.16
3 9-28-79 5.38 5.40 5.41 5,40 1.54 1.55 1.53 1.54 0.72 0.77 0.68 0.72
L 9-28-79 7.03 6.80 7.00 6.94 2.09 2.11 2.07 2.09 1.80 1.68 1.76  1.75
Bag House '
Stack #3 1 9-26-79 7.10 6.83 7.11  7.01 1.61 1.64 1.66 1.6k 1.12 0.98 1.00  1.03
2 9-27-79 5.00 5.01 4,90 4.97 0.74 0.76 0.75 0.75 1.04 1.04 0.95 1.0l
5 9-29-79 4.08 L4.72 4.44 4,41 2,08 2.10 2.11 2.10 0.62 0.69 0.67 0.66

*Run not valld due to leak from broken glass filter.
(Break occurred after end of run)
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Pacific Environmental Services

Page #5 Table 3-2. TEST DATA SUMMARY (CONCLUDED)
ASARCO July, 1979
LOCATION RUN AND DATE GAS VOLUME AT STACK AREA LEAD CADMIUM ARSENIC
STACK CONDITIONS Sauare Feat MASS EMISSION MASS EMISSION MASS EMISSION
Dry Cubic Feet 9 RATE RATE RATE
_grams/day grams/day grams/day
Main Stack 1 9-21-79 91.5 56.2 33200 741 28200
2  9-21-79 65.6 56.2 49600 789 49100
3 9-21-79 62.9 56.2 32000 v 667 48800
Flue to
Zinc Stack 1 9-22-79 61.6 99.4 16500 27 3870
2 9-23-79 64.7 99.4 5450 98 2290
3 9-23-79 65.4 99.4 4980 34 8030
Bag House
Stack #1 3 9-28-79 115 127 9060 2800 998
4 9-28-79 104 127 9130 2440 2140
5 9-29-79 118 127 7140 3520 1710
Bag House
Stack #2 1 *9-26-79 104 127 12900 3460 831
- 2 9-27-79 103 127 10900 1720 1740
1 3 9-28-79 103 127 8050 2230 1070
~ 4 9-28-79 113 127 10600 3180 2660
Bag House
Stack #3 1 9-26-79 90.6 127 10800 2520 1590
2 9-27-79 92.1 127 7460 1130 1520
5 9-29-79 94.9 127 6650 3170 996

*Run not valid due to leak from broken glass filter.
(Break occurred after end of run)
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certified testing laboratories, inc.

SAMPLING AND ANALYTICAL PROCEDURES

All testing was performed with sampling equipment designed for isokinetic
sampling to facilitate testing by EPA Standard Methods.

Gas flow rates were calculated using the observed gas temperature, molecular
weight, pressure and velocity head measurements made with an S-type Pitot
tube and a water manometer using Standard Method 2.

Moisture content was determined by passing a measured amount of gas through
chilled impingers containing a known volume of deionized water, measuring
the increase in weight of the impingers and of the silica gel used in the
final drying of the gas, and calculating the amount of water vapor in the
sample from this increase and the measured amount of gas.

The stack gas concentrations of C0;, oxygen, CO, and nitrogen (by difference)
were measured with a standard Orsat apparatus. These concentrations and the
moisture content were used to determine molecular weight of the stack gas.

Standard Method 5 was used for determining particulate emissions. Measured
stack gas samples were taken under isokinetic conditions. The samples were
passed through a fiberglass filter, impingers, pump, a meter and an orifice
as shown in the accompanying drawing, '""Particulate Sampling Train'.

The amount of filter catch is determined by the difference in the weight of
the filter before and after the test, after desiccating. The particulate
matter from other portions of the train was determined by rinsing the probe
and all glassware ahead of the filter with 0.IN HNO3, and evaporating to
dryness along with the impinger catch and weighing.

The samples were analyzed for the requested elements after digestion,
according to the EPA method for simultaneous determination of particulate
and lead emissions. Lead and cadmium were analyzed by standard atomic
absorption flame techniques, while arsenic was determined using the
gaseous hydride technique. All samples were taken to a final volume of
250 ml and suitable aliquots taken for analysis.

2905 EAST CENTURY BLVD. ¢« SOUTH GATE, CALIF. 90280 + (213) 564-2641
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APPENDIX B

DIAGRAM OF PARTICULATE SAMPLING TRAIN
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APPENDIX C

DESCRIPTION OF PROPOSED VARIATIONS TO EPA METHOD 5
(Letter: Salot to Gordon, with attachments)
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@ certified testing laboratories, inc.
@ RECEIVED AUG 13 157

August 9, 1979

Mr. Bob Gordon

Pacific Environmental Services
1930 14th Street

Santa Monica, California 90404

Dear Bob:

Enclosed is the information you required for the stack test at ASARCO.
Testing will be done in strict adherance to EPA Method 5, with the following
possible exceptions:

1) Our Method 5 equipment is manufactured by Nutech Corporation, Durham,
N. Carolina, and utilizes a silicon O-ring sealing system. (See enclosed
drawing, figure 11.) The system has the advantage of not requiring
silicon grease and produces a very good gas tight seal. Otherwise the
impinger assembly is completely standard. (See figure 10.) It is my
understanding from Nutech that the silicon O-ring configuration is
currently being used by EPA itself.

2) Due to awkward placement of some parts, it may be necessary to utilize
flexible teflon tubing between the probe assembly and the filter box.
The teflon tubing is heavy-walled virgin teflon (not heat traced) and
can be washed with acetone and brushed to retrieve probe washings.
A 2-foot stainless steel tube is used to interface the teflon tubing
to the heated filter box.

If you need any more information about either of these modifications, do
not hesitate to contact me.

Analysis for lead, arsenic and cadmium will be carried out utilizing atomic
absorption techniques. Lead and cadmium will be run either by flame or
graphite furnace, depending on the concentration levels. Arsenic will be
run by hydride generation. Detailed methods are included herein.

Our AA is a Perkin-Elmer, Model 460, and the graphite furnace is a Perkin
Elmer HGA 2100.

Filter digestion will be carried out utilizing dilute nitric acid as
specified in the Federal Register for Hi-Vol Lead samples, Volume 43, #194,
October 1978.

Sincerely, _

CERTIFIED TESTING LABDRATORIES INC.

/(///

Stuart . Salot, Ph.D.
SES/bjh 2905 EAST CENTURY BLVD. - SOUTH GATE CALIF. 90280 -« (213) 564-2641

Enclosures
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Glassware screw joints (Figure 11) require no silicone
sealing grease. Frim, but not eéxcessive, pressure should be

used when forming a seal.

be loosened and the male glass stems pushed in place.
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dgain.

[

SCREW CAP
TN

THREADED -
GLASS

the threaded glass and push it over the male

/l/;

/

AIR SPACE

a

Gengrally the screw joints need only

Occasionally

it will be necessary to completely remove the screw cap from

glass stem; refit and

;‘I (oov.’

Figure 11. Glass screw joint.

Filter Assembly

°n the orifice gauge to a read
®acuum gauge on the control mo

Assemble the filter holder and com
check as shown in Figure 12,

~——MALE GLASS STEM

———$EFEON SEALING RING

ponents for a pressure-drop

Turn the pump on and adjust flow
ing of 5.0 inches HZO‘
dule reads higher than two inches
the frit is dirty and should be cleaned and checked
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HGA OPERATING PARAMETERS
Max imum Optimum Sensitivity(pg/0.0044 Abs)
Wavelength | Slit as SBW | Charring Atomization Purge Gas Flow
Element Anion Used nm nm Temp. (°C) | Temp. (°c) Normal Interrupted Comments
Li 5
Lithium Chloride 670.8 2.0/1.4 1000 2700° 60.
(335-v1Is)

Mg
Magnesium Chloride 285.2 2.0 1200° 2000° 3.
Mn .
Manganese Chloride 279.5 0.2 1100° 2400° 8. 3.
Mo
Molybdenum | Molybdate 313.3 0.7 1800° 2700° 90.
Na .
Sodium Chloride 589.0 0.2/0.4 1200° 2000° 10.

(295-v1IS)
Nb
Niobium 334.4 0.2
Ni
Nickel Nitrate 232.0 0.2 1200° 2500° 140,
Pb See AoV N
Lead Nitrate 283.3 0.7 550° 2000° 50, 10.

’
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HGA OPERATING PARAMETERS

Max imum Optimum Sensitivity (pg/0.0044 Abs)
Wavelength | Slit as SBW | Charring Atomization Purge Gas Flow
Element Anion Used nm nm Temp. (°C) | Temp. (°C) Normal Interrupted Comments
cd
cadmium Chloride 228.8 0.7 400° 1500° 2. 1,
co
Cobalt Chloride 240,7 0.2 1000° 2600° 80. 25,

T Possible CN abf
Cr ' o o sorption w/N;
Chromium (KCrog) 357.9 0.7 1350 2700 25, 10. purge; use

argon
Cs ‘ ‘
Cesium Chloride 852.1 4.0 1200° 2400° 100, . Filter used
: (426-v1IS)
Cu . )
Copper Sulfate 324.7 0.7 1000° 2500° 50.
2
DY2%
Dysprosium | Nitrate 421.2 . 0.2 1400° 2700° 660.
L
Er &
Erbium Chloride 400.8 0.2 1400° 2700° 1,660.
Eu
Europium Chloride 459.4 0.2/0.4 1400° 27000 40,000.
(230-v1s)
® o ® ® o ® o ] o L
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cd

Standard Conditions
STANDARD CONDITIONS FOR CADMIUM

STOCK STANDARD SOLUTION

Ccadmium, 1000 pg/ml. Dissolve 1.000 g of cadmium metal in a
minimum volume of (1+1) HCl. Dilute to 1 liter with 1% (v/v)

HCl.

OPERATING PARAMETERS Perkin-Elmer Instrument Settings
Instrument X03 series X60, X00 series| X90 series
Wavelength 228.8 nm 229 - UV 229 110
Slit Setting 4 (0.7 nm) 0.7 nm 0.7 nm
Light Source Electrodeless Discharge Lamp

or Hollow Cathode Lamp
Flame Type Air-acetylene flame
Oxidizing (lean, blue)

SENSITIVITY

For the standard conditions described above, the sensitivity is
about 0.025 pg/ml Ccd for 1% absorption. A standard containing
2 pg/ml Cd will typically give an absorbance reading of about
0.35 absorbance units (about 55% absorption).

LINEAR WORKING RANGE

For the standard conditions described above, the working range
for Ccd is linear up to concentrations of approximately 2 pg/ml
in aqueous solution. '

September 1976
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standard Conditions 01 20 399
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OTHER ANALYTICAL LINES

Wave- X03 X60, X00 X90 Relative
length series series series Slit Sensitivity
228.8 nm 229 - UV 229 110 0.7 nm i
326.1 nm 326 - UV 326 283 0.7 nm 435.

OTHER FLAMES

The nitrous oxide-acetylene flame will provide a sensitivity of about
0.1 pg/ml for 1% absorption.

LIGHT SOURCES

Both Electrodeless Discharge Lamps (EDL's) and Hollow Cathode Lamps
are available for cadmium. EDL's provide greater light output and

longer life than Hollow Cathode Lamps. For cadmium, both EDL's

and Hollow Cathode Lamps provide approximately the same sensitivity
and detection limit.

MICROSAMPLING SYSTEM

With the Sampling Boat, about 0.0001 pg of cadmium can be detected.
With the Delves Sampling Cup Technique. a detection 1limit of 0.00005 pg
of cadmium may be achieved. Refer to the General Information section
for additional details on the use of the AA Microsampling System.

FLAME EMISSION

-

The most sensitive emission wavelength for cadmium is at 326.1 nm.
A nitrous oxide-acetylene flame is recommended. Cadmium can also
be determined at the 228.8 nm wavelength, but with reduced sensitivity.
An air-acetylene flame may also be used with reduced sensitivity.

September 1976
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Pb
Standard Conditions
STANDARD CONDITIONS FOR LEAD

® STOCK STANDARD SOLUTION

Lead, 1000 pg/ml. Dissolve 1.598 g of lead nitrate, Pb(NO;),.,
in 1% (v/v) HNO3 and dilute to 1 liter with 1% (v/v) HNO3.

L
OPERATING PARAMETERS Perkin-Elmer Instrument Settings
® Instrument X03 series X60, X00 series| X90 series
Wavelength 283 .3 nm 283 - UV : 283 206
¢ Slit Setting
4 (0.7 nm) 0.7 nm 0.7 nm
Light Source Electrodeless Discharge Lamp
- or Hollow Cathode Lamp
0( )
a Flame Type Air-acetylene flame
Oxidizing (lean, blue)
78
185
o
SENSITIVITY
L J
For the standard conditions described above, the sensitivity is
about 0.5 pg/ml Pb for 1% absorption. A standard containing
20 pg/ml Pb will typically give an absorbance reading of about
0.18 absorbance units (about 34% absorption).
@
LINEAR WORKING RANGE
For the standard conditions described above, the working range
for Pb is linear up to concentrations of approximately 20 pg/ml
in aqueous solution.
o
—~—
o

September 1976
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Pb
® Standard Conditions 0]
; -

[WEN
L)
D
(4%
™)
ot

® OTHER ANALYTICAL LINES
Wave- X03 X60, X00 X90 Relative
length series series series Slit Sensitivity

® 283.3 nm 283 - Uv 283 206 0.7 nm 1.0
217.0 nm 217 - UV 217 | 089 0.7 nm 0.4
261.4 nm 261 - UV 261 167 0.7 nm 10.

® 368.4 nm 368 - UV 368 359 | 0.7 nm 25,

OTHER FLAMES B

The nitrous oxide-acetylene flame will provide a sensitivity of about
1.7 pg/ml for 1% absorption. :

LIGHT SOURCES

Both Electrodeless Discharge Lamps (EDL's) and Hollow Cathode Lamps
are available for lead. EDL's provide greater light output and
longer life than Hollow Cathode Lamps. For lead, both EDL's and

) Hollow Cathode Lamps provide approximately the same sensitivity and
detection limit.

With multi-element lamps containing copper, the Cu 216.5 nm resonance
line may interfere with lead determinations at the lead 217.0 nm line.
The lead 283.3 nm line should be used instead.

®
MICROSAMPLING SYSTEM
With the Sampling Boat, about 0.001 pg of lead can be detected.
Refer to the General Information section for additional details
on the use of the Sampling Boat. With the Delves Sampling Cup
® technique, about 0.0001 pg of lead can be detected.

FLAME EMISSION

The most sensitive emission wavelength for lead is at 405.8 nm.

A nitrous oxide-acetylene flame is recommended. Lead can also be
® determined at the 368.4, 283.3, and 261.4 nm wavelengths, but with

reduced sensitivity. An air-acetylene flame may also be used with

reduced sensitivity.

September 1976
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Reprinted from Atomic Absorption Newsletter Vol. 12, No. 4
e ATOMIC ABSORPTION DETERMINATION OF GASEOUS HYDRIDES

k -~
120372

UTILIZING SODIUM BOROHYDRIDE REDUCTION

ABSTRACT

A method for the determination of As,
Bi, Ge, Sb, Se, Sn and Te by reduction
to the corresponding hydride is de-
scribed. The gaseous hydride, generated
by reduction with sodium borohydride,
is collected in a balloon reservoir at-
tached to the generation flask, and sub-
sequently swept by a flow of argon into
an argon-hydrogen-entrained air flame.
Optimum parameters, including acid
concentration and collection time, were
determined for each element. Sensitivity,
linearity, precision, and detection limits
were measured. The method is simple,
relatively rapid, and provides absolute
detection limits in the ng range.

Frank ]. Fernandez
The Perkin-Elmer Corporation
Norwalk, Connecticut 06856

RESUME

Une méthode pour la détermination
d’As, Bi, Ge, Sb, Se et Sn par réduction
de leurs hydrures correspondants est dé-
crite. Les hydrures gazeux, générés par
réduction avec du borohydrate de sodi-
um sont collectés dans un ballon reser-
voir connecté au flagon de génération et
ensuite entrainés par de I'argon dans
une flamme air/argon/hydrogene. Les
parameétres optimums incluant la con-
centration en acide et le temps de géne-
ration sont déterminés par chaque élé-
ment. La méthode est simple, relative-
ment rapide et fournit une détection
limite absolue au niveau du mono-
gramme.

ZUSAMMENFASSUNG

Eine Methode zur Bestimmung von As,
Bi, Ce, Sb, Se, Sn und Te durch Reduk-
tion zum entsprechenden Hydrid wird
beschrieben. Das gasformige Hydrid, das
durch Reduktion mit Natrium-borhydrid
erzeugt wird, wird in einem an den Re-
aktionskolben angeschlossenen Vorrats-
ballon gesammelt und schliesslich durch
einen Argonstrom in eine Argon/Was-
serstoff-Diffusionsflamme gespiilt. Fiir
jedes Element wurden die optimalen Pa-
rameter einschliesslich Saurekonzentra-
tion und Reaktionszeit bestimmt. Die
Empfindlichkeit, Linearitdt, Prazision
und Nachweisgrenze wurden gemessen.
Das Verfahren ist einfach, relativ schnell

INTRODUCTION

The determination of As and Se by hydride generation
and subsequent analysis by atomic absorption has been
described by several authors (1-11). Results have been
reported using Zn metal and SnCl, (1-8) and Mg metal and
TiCl; (9, 10) as reductants and sources of nascent hydro-
gen. Pollock and West (9, 10) have also determined Bi,
Sb, and Te utilizing Mg-TiCl; reduction. Schmidt and
Royer (11) have recently reported the determination of
As, Bi, Sb and Se utilizing reduction with NaBH,. The de-
termination of Ge using NaBH, reduction has been re-
ported by Pollock and West (10).

The present paper describes the use of NaBH, as the
reductant for the determination of As, Bi, Ge, Sb, Se, Sn
and Te by hydride generation. The gaseous hydride is col-
lected in a balloon reservoir and subsequently swept by
an argon carrier gas into an argon-hydrogen-entrained
air flame.* Experiments were performed to determine the
optimum acid concentration and hydride collection time.
Standard curves were prepared, and linearity, sensitivity,

* A nitrogen-hydrogen-entrained air flame, with nitrogen carrier gas,

gave equal performance to argon-hydrogen for the determination
of As as arsine.

ATOMIC ABSORPTION NEWSLETTER
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und liefert absolute Nachweisgrenzen im
ng-Bereich. '

precision and detection limits were measured for each of
the elements studied.

EXPERIMENTAL

All data were obtained using a Perkin-Elmer Model 403
atomic absorption spectrophotometer equipped with a 3-
slot burner head, Deuterium Background Corrector (12},
Model 056 recorder, and Intensitron hollow cathode
lamps. For the determination of As and Se, Perkin-Elmer
Electrodeless Discharge Lamps (13) were also employed.
A Perkin-Elmer As/Se Sampling System® (5) was utilized
for the generation and collection of the gaseous hydrides.
This system utilizes a dosing stopcock for reagent intro-
duction and a balloon reservoir for collection of the gen-
erated gases. By rotating a 4-way stopcock, the argon flow
can be set to bypass or flow through the generation flask
(125 ml Erlenmeyer with a 29/42 ground glass joint).
The collected hydride, plus excess hydrogen, is introduced
into the burner via the auxiliary oxidant connection. The
following flow settings were found to be optimum: argon
40 (13 liters/min.) at a pressure of 20 psi, hydrogen 24
(10 liters/min.) at a pressure of 20 psi. Reagents used

AA-74]1 923
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were: NaBH, pellets (10 327, available from Alfa Inor-
canies® 1. and hvdrochlorie acid. Standard solutions of all
the elements investizated were prepared in dilute HCL

PROCEDURE

The procedure used for the peneration of the gaseous
hvdrides is as follows:

1. Pipet 20 ml of sample into the generation flask.

2. Acidify the sample using a suitable volume of HCI (see
discussion) and dilute to 40 ml with deionized water.

3. Connect the flask to the generation apparatus and open
the 4-way stopcock for ahout 15 seconds to admit ar-
gon. which flushes the air out of the system.

4. After flushing, close the 4-way stopcock and add a
single NaBH, pellet (10/32") via the dosing stopcock.

5. The reaction is allowed to continue for a time that will
vary depending on the element being determined (see
discussion). and the type of sample heing analyzed.
For aqueous samples, a reaction time of 30 seconds is
suitable. Longer reaction times may be required for
some tvpes of samples.

6. Open the 4-way stopcock, which allows the auxiliary
argon flow to sweep the generated gases into the burner.
Record the absorption signal on a recorder.

. Close the 1-way stopcock after the absorption signal
has been recorded. and the pen has returned to the
baseline.

8. Standards. including a reagent blank. are analyzed us- .

ing the same procedure.

When the 4-way stopcock is opened, the surge of excess
hvdrogen into the flame causes a sudden change in the ab-
sorption of the flame, which produces a large blank signal
when operating at wavelengths below 210 nm. Use of the
D. Background Corrector (12) appreciably reduces this
blank signal. All of the data reported in this study were
obtained using the D, Background Corrector.

DISCUSSION

Initial studies were performed to establish what ele-
ments could be determined via hydride generation with
NaBH, reduction. Using the procedure outlined, the fol-
lowing elements were investigated: As. Bi, Ga, Ge, Pb, Se,
Sn and Te by atomic ahsorption plus P and S by molecu-
lar flame emission. Atomic absorption signals were ob-
tained for the hydrides of all of the elements listed, with
the exception of Ga and Pb. No absorption signals were
obtained for Ga (287 nm) and Pb (283 nm) at levels up
to 1000 pg. Attempts to determine P and S by molecular
flame emission were also unsuccessful. The sudden change
in flame emission caused by the introduction of the gen-
erated gases, produced off-scale blank readings at the
HPO (526 nm) and S: (391 nm) wavelengths.

REACTION AND COLLECTION TIMES

The efect of hydride collection time (time period be-
tween adding the NaBH, and sweeping the generated gases
into the flame) was investigated for As, Bi, Ge, Sh, Se, Sn
and Te. Only for the analysis of Bi and Te is there a need

*Division of Ventron Corporation, Beverly, Mass. 01915.

24

Cik0327
for careful monitoring of the collection time. Figure 1
shows tracings obtained for 2 pg of Te (H.Te) using
various collection times. ranging from 15 seconds to 3
minutes. A significant loss of <ensitivity is obtained using
collection times longer than 30 seconds. This agrees with
Pollock and West (101, who have reported that the Te
sensitivity is affected by the collection time when u<ing
Mg-TiCl; reduction. By keeping the 4-way stopcock in the
sweep position. one may continuously flush the H.Te into
the burner. This degrades the sensitivity by about a factor
of 2: however, the need for time monitoring is eliminated.

0.6- Te 2 Hg

1Ss
0.5- | . - 3s
MIN.
o
0.4-
§ €0s CONT.
g FLOW
0.3-
g 120s
('n »
o)
< 0.2- -
180s
0.1-
o W

Fig. 1. Signals obtained for 2 ug Te, showing the effect of hydride col-
lection time on sensitivity.

Calibration curves for Te, obtained using both continuous
flow and a 30-second collection period, are shown in Fig-
ure 2. Similar calibration curves for Bi (H;3Bi) are shown
in Figure 3. For Bi, optimum sensitivity is obtained using
a 30-second collection period. The use of longer collection
periods resulted in up to a 2-fold loss of sensitivity. The
sensitivity obtained allowing the H3Bi to flow continu-
ously into the burner is about 50% poorer than that ob-
tained by collecting the generated gases for 30 seconds.

0.6 Te

COLLECT 30s
0.5f

I CONT.
e FLOW

0.3

ABSORBANCE

0.2}

0.}

0 1 1
| 2

CONCENTRATION IN pg

(TR

Fig. 2. Calibration curves for Te, obtained using o 30 second collection
period, and continuous flow.
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0.6
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0.5 .
CONT
FLOW

ABSORBANCE
o o
w F

o
n

0.1

1 1 ]

o 0.5 1 1.5

CONCENTRATION IN pg

Fig. 3. Calibration curves for Bi, obtained using a 30 second collection
period, and continuous flow.

For the other elements determined successfully using
the NaBH, method (As, Ge, Sb, Se and Sn), collection
times of up to 2 - 3 minutes can be used with no loss of
sensitivity. Generally, a collection time of 30 seconds is
sufficient, although longer collection times may be re-
quired for certain types of samples. The NaBH, pellet re-
acts vigorously when added to the acidified sample, and
dissolves completely in about 20 seconds. The addition of
a single NaBH, pellet (10/32”), weighing approximately
200 mg was found to provide optimum results. Varying
the amount of NaBH, from 100 to 400 mg had no notice-
able effect on the sensitivity obtained for any of the ele-
ments studied. The addition of amounts larger than 500
mg caused the balloon reservoir to rupture. The use of a
magnetic stirrer to agitate a sample solution of As had no
effect on the sensitivity obtained.

ACIDITY

The relationship of hydrochloric acid concentration to
sensitivity is shown in Figure 4. For As, Bi, Sb and Te,
varying the acid concentration from 1 to 6N had no notice-

0.6

Sn (lpg)
0.5}
Ge (30ug)
0.4} ,
§ Bu(nm)f————*\\\\\\\\
= \  Sb(0.75u) >
T 0.3r \  Te(2pg)
a N\ <
2 ozt As (0.5ug)
0.l Se (0.5ug)
i 1 L 1 1 1 1 J
0621 2 3 4 5 6 7

NORMALITY HCAL

Fig. 4. Effect of hydrochloric acid concentration on sensitivity.
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able effect on the sensitivity obtained. To obtain optimum
sensilivity, the acid concentration should be at least 5N
when determining Se. and IN or less when determining
Ge. For the determination of Sn. it is important that the
acid concentration be 0.5N or less. due to the very pro-
nounced loss of sensitivity with increasing acid concen-
tration. The suitability of other acids was not investigated.

SENSITIVITY, PRECISION AND DETECTION LIMITS

Calibration curves for As (AsH3) and Se (H.Se), ob-
tained using both hollow cathode lamps and electrodeless
discharge lamps (EDL’s) are shown in Figure 5. For As.
the EDL provides about a 2-fold improvement in sensi-
tivity while for Se the sensitivity is improved by about
30%. Figure 6 shows calibration curves obtained for Sn
(SnH,), Sb (H3;Sb) and Ge (GeH;). The sensitivity for
Ge is about an order of magnitude poorer that that ob-
tained for the other elements studied. The absolute sensi-
tivities (weight of an element which gives a signal of 17
absorption) obtained for the 7 elements studied are sum-
marized in Table 1.

0.6

As-EDL  Se-ED
L As-HOLLOW CATw~

osh Se-HOLLOW CAT-
w 04
Q
z
>
Qo3
(@]
w
[a0]
< 0.2}

0.1

1 1
9 0.5 1.0 '8

CONCENTRATION IN pg

Fig. 5. Calibration curves for As and Se, obtained using hollov: cathode
lamps and EDL's.

TABLE |

Absolute Sensitivities Obtained Utilizing
NaBH4 Reduction

Speciral Absolute
Element A(nm) S? Sensitivity Remarks
it (nm)
(ng)
As 194 0.7 10 hollow cathode
5 EDL
Bi 223 0.2 8 collect 30 s
12 continuous flow
Ge 265 0.2 270
Sb 218 0.2 10
Se 196 07 n hollow cathode
9 EDL
Sn 224 0.2 7
Te 214 0.2 14 collect30s
27 continuous flow
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Fig. 6. Calibration curves for Ge, Sb, and Sn.
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The repeatability of the NaBH, method was examined

for each of the elements investigated. Ten replicate deter-

minations of a standard providing an absorbance of 0.15

® to 0.35 were made, and the resultant coefficient of varia-
tion calculated. The data obtained are summarized in

Table 11. For Bi and Te, precision was measured by col-

lecting the generated gases for 30 seconds, and also by
continuously flushing the gases into the burner. Both pro-

cedures provided equivalent precision. The precision ob-

tained for Ge and Sn is poorer than that obtained for the

@ other elements studied. Pollock and West (10) reported
relatively poor precision determining Ge by NaBH,-
H.SO; reduction.
TABLE I
Precision Summary
o .
) Element We‘g'" C.V.* (%) Remarks
in pg
| As 0.5 34 hollow cathode
| 0.25 3.2 EDL
; Bi 0.5 27 collect 30 s
@ 0.5 3.0 continuous flow
Ge 15 6.1
Sb 0.5 3.6
Se 0.5 29 hollow cathode
0.5 3.1 EDL
® Sn 0.5 6.7
Te 1 38 collect 30's
2 4.1 continuous flow

*Cocflicient of variation based on 10 replicate determinations.

® Comparison recorder tracings taken near the As de-
tection limit with a hollow cathode lamp and EDL., are

shown in Figure 7. The much greater intensity provided

by the EDL (13) enables one to operate at a much lower
instrument gain setting: consequently, more scale expan-

sion can be utilized. For As, the absolute detection limit

is about 3 ng with the EDL. versus about 10 ng with the

® hollow cathode lamp. Figure 8 shows tracings for Te at
detection limit levels. The signals were obtained by col-

N\~ lecting the generated gases for 30 seconds, and also by
continuously flushing the gases into the burner. Collecting

o 9

«Q
s
t
(=)
(&%}
D)
(Vo)

0.075 -

H

@)

3
Q

Mt

0.050 -
20ng

0.025 -
BLANK
0~ pMhyy %‘W

HOLLOW CATHODE LAMP

ABSORBANCE

0.03 -

10ng
0.02-

Sng
0.01-

ABSORBANCE

BLANK
o- Y LN

EDL

Fig. 7. Detection limit tracings for As, obtained using a hollow cathode
lamp and EDL.

Te
COLLECT 30s CONTINUOUS FLOW
0.03-

i
w . 20ng
S 0.02 Wi
Ez 10ng 40ng
a
@ oo 20ng k
@ %% BLANK BLANK !

sl iy | AN

Fig. 8. Detection limit tracings for Te, obtained using a 30-second collec-
tion time, and continuous flow.

the hydride provides an absolute detection limit of about
5 ng, versus a value of about 15 ng obtained with (‘()b-
tinuous flow. Detection limits. measured for all of the
elements studied, are summarized in Table 111. The solu-
tion detection limits, measured using 20 ml of sample.
can be improved still further by increasing the sample
volume.
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TABLE Il
Detection Limit Summary
Absolute Solution De-
Element Detection  tection Limit* Remarks
Limit (ng) (ug/liter)
As 0.010 0.5 hollow cathode
0.003 0.15 EDL
Bi 0.005 0.25 collect 30 s
0.008 0.4 continuous flow
Ge 0.2 10
Sb 0.005 0.25
Se 0.005 0.25 hollow cathode
0.003 0.15 EDL
Sn 0.004 0.2
Te 0.005 0.25 collect30 s
0.015 0.75 continuous flow

*Based on a 20-ml sample volume.

INTERFERENCES

Interferences were not investigated in this study; how-
ever. those materials that interfere with hydride formation
in classical analytical methods (14 - 16) would be expected
to cause interference with this method as well.

GENERAL

The NaBH, method offers several advantages over the
Zn-SnCl, procedure for hydride generation. The NaBH,
pellets are inexpensive (~2¢ per pellet), easy to handle
and are sufficiently uniform to eliminate the need for
weighing. By comparison, the 7n granules must be
weighed. and a longer reaction time (2 - 3 minutes) is
required. The zinc granules also tend to stick to the dosing
stopcock. which is made of Teflon (5}. If care is not ex-

ATOMIC ABSORPTION NEWSLETTER
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ercised, the zinc granules can score the Teflon stoprock.
causing the system to leak. The NaBH, pellets eliminate
this problem. Another advantage of the NaBH, method i~
the very low blank signals which were obtained for the ©
elements studied. It is difficult to obtain As-free SnCl.
which is used in the Zn reduction method.

CONCLUSIONS

The generation of gaseous hydrides by reduction with
NaBH, is rapid and precise. Using the procedure out-
lined, As, Bi, Ge, Sb, Se, Sn and Te were successfully
determined, with detection limits in the ng range. The
NaBH, method offers several advantages over the Zn.
SnCl. method for hydride generation.
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of HNO, and hydrochloric acfid (HC)) faclli-

tated by ultrasonication.

1.3 The lcad content of the sample (s
analyzed by atomic absorption spectrometry
using an air-acctylene flame. the 283.3 or
217.0 nm lcad absorption line, and the optl-
mum Instrumcntal conditions recommended
by the manufacturer.

1.4 The ultrasonication extraction with
HNO,/HC] will extract mctals other than

 Jead from ambie~: narticulate matter.

N

2. Range, scnztiv ty. and lower dctectable
limit. The values siven below are typical of
the methods capabilitics. Absolute values
will vary for individual situations depending

" on the type of instrument used, the lead

Iine, and operating conditions.

2.1 Range. The typical range of the
method is 0.07 to 7.5 pg Pb/m’ assuming an
upper linear range of analysis of 15 ug/ml
and an air volume of 2,400 m>.

2.2 Sensitivity. Typical sensitjvities for a
1 percent change in absorption (0.0044 ab-
sorbance units) are 0.2 and 0.5 ug Pb/ml for
the 217.0 and 283.3 nm lines, respectively.

23 Lower detectable limit (LDL). A typi-
cal LDL is 0.07 ug Pb/m> The above value
was calculated by doubling the between-lab-
oratory standard deviation obtained for the
Jowest measurable lead concentration in a
collaborative test of the method.(15) An air
volume of 2,400 m? was assumed.

8. Interferences. Two types of interfer-
ences are possible: chemical and light scat-
tering. :

3.1 Chemical. Reports on the absence (1,
2 3, 4, 5 of chemical interferences far
outweigh those reporting their presence. (6)
therefore, no correction for chemical inter-
ferences is given here. If the analyst sus-
pects that the sample matrix is causing a
chemical interference, the interference can
be verified and corrected for by carrying out
the analysis with and without the method
of standard additions.(7)

3.2 Light scattering. Nonatomic absorp-
tion or light scattering, produced by high
concentrations of dissolved solids in the
sample, can produce a significant interfer-
ence, especially at low lead concentrations.
(2) The interference is greater at the 217.0

. nm line than at the 283.3 nm line. No inter-

ference was observed using the 283.3 nm
line with a similar method.(1)

Light scattering interferences can, howev-
er, be corrected for instrumentally. Since
the dissolved solids can vary depending on
the origin of the samiple. the correction may
be necessary, especially when using the
217.0 nm line. Dual beam instruments with
a continuum source give the most accurate
correction. A less accurate correction can be
obtained by using a nonabsorbing lead line
that is near the lead analytical line. Infor-

‘mation on use of thcse correction tech-

niques can be obtained from instrument
manufacturers’ manuals.

1f instrumental correction is not feasible,
the interference can be eliminated by use of
the anmmonium pyrrolidinccarbodithioate-
methylisobutyl ketone, chelation-solvent ex-
traction technique of sample preparation.(8)

4. Precision and bias.

4.1 The high-volume sampling procedure
used to collect ambient air particulate
matter has a between-laboratory relative
standard deviation of™ 377 percent over the

- range 80 to 125 ug/m>(9) The combincd cx:

traction-analysis procedure has an avcerage
within-laboratory relative standard devi-
ation of § to 6 percent over the range 1.5 to
15 pg Pb/ml, and an average between labo-
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ratory relative standard deviation of 7 to 9
percent over the same range. These values
include use of either extraction procedure.

4.2 Single laboratory experiments and
collaborative testing indicate that there (s
no significant difference in lead recovery be-
tween the hot and ultrasonic extraction pro-
cedures.(15)

$. Apparalus.

5.1 Sampling. )

5.1.1 High-volume sampler. Use and cali-
brate the sampler as described In reference

10.

5.2 Analysis.

521 Atomic absorption spectrophoto-
meter. Equipped with lead hollow cathode
or electrodeless discharge lainp.

5.2.1.1 Acetylene. The grade recommend-
ed by the instrument manufacturer should
be used. Change cylinder when pressure
drops below 50-100 psig.

5.2.1.2 Air. Filtered to remove particu-
late, oil, and water. . B

5.2.2 Glassware. Class A borosilicate
glassware should be used throughout the
analysis.

5.2.2.1
Pyrex.

5.2.2.2 Volumetric flasks. 100-ml.

5.2.2.3 Pipettes. To deliver 50, 30, 15, 8, 4,
2,1 mlL

5.2.2.4 Cleaning. All glassware should(e
scrupulously cleaned. The following proce-
dure is suggested. Wash with laboratory de-
tergent, rinse, soak for 4 hours in 20 percent
(w/w) HNO,. rinse 3 times with distilled-
deionized water, and dry in a dust free
manner.

5.2.3 Hot plate. .

5.2.4. Ultrasonication water bath, un-
heated. Commercially available laboratory
ultrasonic cleaning baths of 450 watts or
higher “cleaning power,” i.e.. actual ultra-
sonic power output to the bath have been
found satisfactory.

5.2.5 Template. To aid in sectioning the
glass-fiber filter. See figure 1 for dimen-
sions.

5.2.6 Pizza cutter. Thin wheel. Thickness
<lmm.

5.2.7 Watch glass.

5.2.8 Polyethylene bottles. For storage of
samples. Linear polyethylene gives betler
storage stability than other polyethylenes
and is preferred.

§.2.9 Parafilm “M".°® American Can Co.,
Marathon Products, Nennah, Wis., or equiv-
alent.

6. Reagents.

6.1 Sampling.

6.1.1 Glass fiber filters. The specifica-
tions given below are intended to ald the
uscr in obtaining high quality filters with
reproducible propertics. These specifica-
tions have been met by EPA contractors.

6.1.1.1 Lead content. The absolute lcad
content of filters is not critical, but low
values are, of course, desirable. EPA typical-
ly obtains filters with a lcad content of <73
pR/filter. .

It is important that the variation in lead
content from filter to filter, within & given
batch, be small.

6.1.1.2 Testing.

6.1.1.2.1 For large batches of [fllters
(>500 filters) select at random 20 to 30 fil-
ters from a given batch. For small batches
(<500 filters) a lesser number of {liters mmay
be taken. Cut onc ¥x8  strip from cach

Beakers. 30 and 150 ml. graduated,

*Mention of commereial products docs
not imply endorsement by the U.S. Environ-
mental Protection Agency. :
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filter anywhere in the filter. Analyze all
strips, separately. according to the direc-
tions In scctions 7 and 8.

6.1.1.2.2 Calculate the total lead in each

filter as

100 m!

I 12 strips
Fb vg Pb/ml X S—L—Fi-i— x

filter

where:

F,=Amount of lead per 72 square inches of
filter, pg.

6.1.1.2.3 Calculate the mean, F,. of the
values and the relative standard deviation
(standard deviation/mean x 100). If the rel-
ative standard ‘deviation is high enough so
that, in the analysts opinion, subtraction of
F,. (section 10.3) may result in a significant
error in the ug Pb/m?* the batch should be
rejected.

6.1.1.2.4 For acceptable batches, use the
value of F, to correct all lead analyses (sec-
tion 10.3) of particulate matter collected
using that batch of filters. If the analyses
are below the LDL (section 2.3) no correc-
tion pecessary.
6.2 Analysis.
B2, oncentrated (15.6 M) HENO,. ACS
reagent grade HNO, and commercially avail-
able redistilled HNO; has found to have suf-
ficiently low lead concentrations.

6.2.2 Concentrated (11.7 M) HCL ACS
reagent grade.

6.2.3 Distilled-deionized
water).

8.2.4) 3 M HNO,. This solution is used in
ot extraction procedure. To prepare,’
add 192 ml of concentrated HNO, to D.I
water in & 1 ! volumetric flask. Shake well,
cool, and dilute to volume with D.I. water.,
Caution: Nitric acid fumes are toxic. Pre/
pare in a well ventilated fume hood.

0.45 A HNO,. This solution is used
as e matrix for calibration standards
when using the hot extraction procedure.
To prepare, add 20 ml of concentrated
HNO, to D.I. water in a 1 I volumetric flask.
Shake well, cool, and dilute to volume with

water. (D.I.

e D.I. water.

6.26 2.6 M HNO,+0 to 0.9 M HCI. This
solution is used in the ultrasonic extraction
procedure. The concentration of HCI can be
varicd from 0 to 0.9 M. Directions are given
for preparation of a 2.6 A HNO, + 0.9 A HCI
solution. Place 167 ml of concentrated HNO,
into a 1 { volumetric flask and add 77 ml of
concentrated HCL. Slir 4 to 6 hours, dilute
to nearly 1 ! with D.I. water, cool to room
temperature, and dilute to 1 L

6.2.7 0.40 M HNO, + X M HCL. This solu-
tion Is used as the matrix for calibration
standards when using the ultrasonic extrac-
tion procedure. To prepare, ndd 26 ml of
concentrated HNO,. plus the ml of HCI re-
qQulired, to a 1 I volumetric flask. Dilute to
ncarly 1 { with D.1. water, cool to room tem-
perature, and dilute to 1 L The amount of
HCI required can be determined from the
fullowing cquation:

[
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!! where:

y = ml of concentrated 1ICI requirced.
x = molarity of HCI in 6.2.6.
0.15 = dilution factor in 7.2.2.

8.28 Lecad nitrate. Pb(NO,),. ACS reagent
grade. purity 99.0 percent. Heat for 4 hours
al 120" C and cool in a desiccator.

6.3 Calibration standards.

6.3.1 Master standard, 1000 ug Pb/ml In
HNO.,. Dissolve 1.598 g of Pb(NO,), in 0.45 M
HNO, containcd in a 1 1 volumetrice flask
and dilute to volume with 0.45 M HNO,.

6.3.2 Master standard, 1000 pug Pb/ml in
HNO,/HCI. Prepare as in 6.3.1 except use
the HNO,/HCI solution In 6.2.7.

Store standards in a polycthylene bottle.
Commercially atailable certificd lead stand-
ard solutions may also be used.

7. Procedure.

7.1 Sampling. Collect samples for 24
hours using the procedure described in ref-
erence 10 with glass-fiber filters meeting the
specifications in 6.1.1. Transport collected
samples to the laboratory taking care to
minimize contamination and loss of
sample. (17). ’

7.2 Sample preparation.

7.2.1 Hot extraction procedure.

7.2.1.1 Cut a %" x 8" strip from the ex-
posed filter using a template and a pizza
cutter as described in figures 1 and 2. Other
cutting procedures may be used.

Lead in ambient particulate matter col-
lected on glass fiber filters has been shown
to be uniformly distributed across the filter
(1, 3, 11) suggesting that the position of the
strip is unimportant. However, another
study (12) has shown that when sampling
near a road-way lead is not uniformly dis-
tributed across the filter. The nonunifor-
mity has been attributed to large variations
in particle size.(16) Therefore, when sam-
pling near a road-way, additional strips at
different positions within the filter should
be analyzed.

7.2.1.2 Fold the strip in half twice and
place in a 150-ml beaker. Add 15 mlof 3 M
HNO, to cover the sample. The acid should
completely cover the sample. Cover the
beaker with a watch glass.

7.2.1.3 Place beaker on the hot-plate,
contained in a fume hood, and boil gently

for 30 min. Do not let the sample evaporate -

to dryness. Caution: Nitric acid fumes are
toxic.

7.2.1.4 Rembve beaker from hot plate
and cool to near room temperature.

7.2.1.5 Quantitatively transfer
sample as follows:

7.2.1.5.1 Rinse watch glass and sides of
beaker with D.1. water.

7.2.1.5.2 Decant extract and rinsings into
a 100-ml volumetric flask. )

7.2.1.5.3 Add D.I. water to 40 ml mark on-
beaker, cover with watch glass, and set aside
for a minimum of 30 minutes. This is a criti-
cal step and cannot be omitted since it
allows the HNO, trapped in the filter to dif-
fuse into the rinse water.

7.2.1.5.4 Decant the water from the filter
into the volumetric flask. :

7.2.1.55 Rinse filter and beaker twice
with D.1. water and add rinsings to volumet-
ric flask until total volume is 80_to 85 mi.

7.2.1.5.6 Stopper flask and shake vigor-
ously. Set aside for approximately 5 minutes

the

_ or until foam has dissipated.

7.2.1.5.7 Bring solution to volume with
DJ. water. Mix thoroughly.
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7.21.58 Allow solution to acttle for one
hour beforé procerding with wnalysis

2.1.59 If sample Is to be atored for sub-

sequent analysis, transfer to a Hnear poly-

Sethylenebollle

i
2.2 Ultrasonic extraction procedure.

7221 Cut a 3 x8 &trip from the €x-
posed filter as descrived in section 7.2.1.1.

7.2.2.2 Fold the strip in half twice and
place in a 30 m! beaker. Add 15 ml of the
HNO,/HTI solution in 6.2.6. The acid should
completely cover the sample. Cover the
beaker with parafilm. y

The parafilm should be placed over the
beaker such that nonc of the parafilm is in
contact with water in the ultrasonic bath.
Otherwise, rinsing of the parafilm (section
7.2.2.4.1) may contaminate the sample.

7.2.2.3 Place the beaker in the ultrasoni-
cation bath and operate for 30 minutes.

7.2.2.4 QuantitativAly transfer
sample as follows:

72241 Rinse. parafiim and sides of
beaker with D.I. water. .

7.2.2.4.2 Decant extract and rinsings into
a 100 m} volumetric flask. .

72243 Add 20 ml D.I. water to cover
the filter strip, cover with parafilm, and set
aside for a minimum of 30 minutes. This is a
critical step and cannot be omitted. The
sample is then processed as in sections
7.2.1.5.4 through 7.2.1.5.9.

NoTe.—Samples prepared by the hot ex-
traction procedure are now in 0.45 M HNO,.
Samples prepared by the ultrasonication
procedure are in 0.40 M HNO, + X M HCL

8. Analysis.

8.1 Set the wavelength of the monochro-
mator at 283.3 or 217.0 nm. Set or alien
other instrumental operating conditions as
recommended by the manufacturer.

8.2 The sample can be analyzed directly
from the volumetric flask, or an appropriate
amount of sample decanted into a sample
analysis tube. In either case, care should be
ta di i

8.3 Aspirate samples, calibration stand-
ards and blanks (section 9.2) into the flame
and record the equilibrium absorbance.
8.4 Determine the lead concentration in
pg Pb/ml, from the calibration curve, sec-
tion 9.3.

8.5 Samples that exceed the linear cali-
bration range should be diluted with acid of
the same concentration as the calibration
standards and reanalyzed.

Calibration.

9.1y Working standard, 20 pg Pb/ml. Pre-
pared by diluting 2.0 ml of the master
standard (6.3.1 if the hot acid extraction
was used or 6.3.2 if the ultrasonic extraction
procedure was used) to 100 ml with acid of
the same concentration as used in preparing
the master standard.

9.2 Calibration standards. Prepare daily
by diluting the working standard, with the
same acid matrix, as indicated below. Other
lead concentrations may be used.e

the

Volume of 20  Final volume, Concentration

pug/ml working ml #% Pb/ml
standard, ml

0 100 0 .
10 200 0.1
20 200 0.2
2.0 100 04
4.0 100 08
8.0 100 1.6
15.0 100 3.0
300 100 6.0
$0.0 100 10.0
100.0 100 20.0

e IN
16V 3 3 2
9.3 Preparation of calibration curve.
Since the working range of analysis will
vary depending on which lead line is used
/And the type of instrumcent, no one sct of
instructions for preparation of a calibration
curve can be given. Sclect standards (plus
the reagent blank), in the same acid concen-
tration as the samples, to cover the linear
absorption range indicated by the instru-
ment manufacturer. Measure the absor-
bance of the blank and standards as in scc-
tion 8.0. Repeat until good agreement is ob-
tained between replicates. Plot absorbance
(y-axis) versus concentration in pg Pb/ml
(x-axls). Draw (or compute) a straight line
through the lincar portion of the curve. Do
not force the calibration curve through
zero. Other calibration procedurcs may be
ysed.

To determine stability of the calibration
curve, remeasure—alternately—one of the
following calibration standards for every
10th sample analyzed: concentration = lug
Pb/ml; concentration = 10 pg Pb/ml {4
either standard deviates by more than 5 per-
cent from the value predicted by the call-
bration curve, recalibrate and repeat the
previous 10 analyses.

10. Calculation.

10.1 Measured air volume. Calculate the
measured air volume as

Q , 0
-3 T xr

where:

. Va=Alr volume sampled (uncorrected), m*

O, =Initial air flow rate, m¥/min.
Q,=Final air flow rate, m*/min.
T =Sampling time, min.

The flow rates Q, and Q, should be cor-
rected to the temperature and pressure con-
ditions existing at the time of orifice cali-

bration as directed in addendum B of refer-
ence 10, before calculation V. ’

10.2 Air volume at STP. The measured
air volume is corrected to reference condi-
tions of 760 mm Hg and 25° C as follows.
The units are standard cubic meters, sm?

PZ"TI

v =V x
STP m
PyxT,

Var=Sample volume, sm? at 760 mm Hg
and 298" K. 5
V.=Measured volume from 10.1.

P.=Atmospheric pressure at time of orifice
calibration, mm Hg.

P,="160 mm Hg. ' )

T,=Atmospheric temperature at time of ori-
fice calibration, K.

T,=298" K,

10.3 Lead concentration. Calculate lead
concentration in the air sample. b

(vg Pb/al x 100 m1/strip x 12 strips/filter) - l’.
L]

Ysto
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C=Concentration, ug Pb/sm?,

#8 Pb/ml=-Lead concentration determined
from scction 8.

100 ml/strip - Total sample volume.

12 strips/filter = Useable filter area, 7 9"/
Exposcd arca of one strip, Y& > 7.

F.=Lead concentration of blank filter, ME,
from section 6.1.1.2.3.

Vsre = Alr volume from 10.2.

11. Quality control ..

%" x 8~ glass fiber filter strips containing
80 to 2000 ug Pb/strip (as lead salts) and
blank strips with zero Pb content should be
used to determine if the mcthod—as being
used—has any bias. Quality control charts
should be established to monitor differcnces
between measured and true values. The fre-
quency of such checks will depend on the
local quality control program.

To minimize the possibility of generating
unreliable data, the user should follow prac-
tices established for assuring the quality of
air pollution data, (13) and take part in
EPA's semiannual audit program for lead
analyses. -

12. Trouble shooting.

1. During extraction of lead by the hot ex-
traction procedure, it is important to keep
the sample covered so that corrosion prod-
ucts—formed on fume hood surfaces which
may contain lead—are not deposited in the
extract. :

2. The sample acid concentration should
minimize corrosion of the nebulizer. Howev-
er, different nebulizers may require lower
acid concentrations. Lower concentrations
can be used provided samples and standards
have the same acid concentration.

3. Ashing of particulate samples has been
found, by EPA and contractor laboratories,
to be unnecessary in lead analyses by atomic
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absorption. Therefore, this step was omitted
from the method.

4. Filtration of extracted samples, to
remove particulate matter, was specifically
excluded from sample preparation, because
some analysts have observed losses of lead
duc to filtration.

5. If suspended solids should clog the ne-
bulizer during analysis of samples, centr-
fuge the sample to remove the solids.

13. Authority.

(Secs. 109 and 301(a), Clcan Air -Act as
amended, (42 U.S.C. 7409, 7601(a)).)
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APPENDIX D

APPROVAL OF SPECIFIED VARIATIONS TO EPA METHOD 5
(Letter: Byrne to Gordon, with attachment)
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M e UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
S
e, ROV REGION VIl
1860 LINCOLN STREET
DENVER. COLORADO 80295
August 16, 1979
Ref: 8S-S

Mr. Robert J. Gordon

Pacific Environmental Services, Inc.
1930 14th Street

Santa Monica, California 90404

Dear Mr. Gordon:

The variations proposed by your organization for the source
testing to be done at the ASARCO Smelter in Helena, Montana, have
been reviewed. Exception (1) regarding use of Nutech Corp. impinger
assembly is approved. Exception (2) regarding use of the Teflon
tubing between the probe assembly and the filter box is approved with
the following conditions:

a. Teflon line is heated to maintain a temperature of
1200£14°C (2480125C0F).

b. Device to monitor this temperature is provided. Number
of monitor points dependent on the length of tubing
required.

The EPA method for simultaneously determing particulate and lead
emissions is enclosed for your reference. As you can see, with slight
modifications described in paragraph 9.1, it is basically a Method 5
determination.

This EPA method with the above exceptions will constitute the
testing methods to be employed at ASARCO.

Do not hesitate to call me if you have any further questions.
Sincerely,
@ .
Martin J.¢/Byrn
Air Surveillance Section
Surveillance Branch

Surveillance & Analysis Division

Enclosure
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PROCEDURE FOR DETERMINING THE INORGANIC LEAD
EMISSIONS FROM STATIONARY SOURCES

1. Principle and Applicability

1.1 Principle. Particulate and gaseous lead emissions are
withdrawn isokinetically from the sourcé. The collected samples are
digested in acid solution and analyzed by atomic absorption spectrometry
u;ing an air acetylene flame.

1.2 App]iégkility. This method is applicable for the determination

of inorganic lead emissions from stationary sources. 2

2. Range, Sensitivity, Precision, and Interferences
2.1° °  Range. The upper limit can be considerably extended by dilution.
For a minimum ana]&ﬁis accuracy of + 10%, a minimum léad mass of 100 ug should
be collected. |
2.2 Analytical Sensitivity. Typical sensitivity for a 1% change in
=

absorption (0.0044 absorbance units) are 0.2 and 0.5 ug Pb ml™ "for the 217.0 an

283.3 nm lines, respectively.

2.3 Precision. The within-laboratory precision, as measured by the
coefficient of variation, was determined at a gray iron foundry, a lead storage
battery ﬁanufacturing plant, a secondary lead smelter, and a lead recovery
furnace at an alkyl lead manufacturing plant. The concentrations encountered
during these tests ranged from 0.61 to 123.3mg Pb m'3. The coefficient of

variation for each run, which is the standard deviation of the run expressed

‘as a percentage of the run mean concentration, ranged from 0.2 to 9.5%.
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. 2.4 - Interferences. Sample matrix effects may interfere with

the anélysis for lead by flame atomic absorption.' If the analyst suspects

that the sample matrix is causing erroneous results, the presence of these

matrix effects can be confirhed and frequently corrected for by carryin§ out

the analysis using the Method of Standard Additions. _ |
High concentrations of copper may interfere with the analysis

of lead at 217.0 nm. This interference can be avoided by analyzing the samples

for lead using the 283.3 nm lead 1ine. |

3. Aggaratus i)

3.1 Sampling Train. A schematic of the sampling train used in this

.

method is shown in Figure A-1. Complete construction details are given in APTD-
05813 commérciylﬁmode]s of this train are also available. For changes from
APTD-0581 and for allowable modifications of the train shown in Figure A-1,

see the following subsections.

The operating and maintenance procedures for the sahpling train
are described in APTD-0576. Since correct usage is important in obtaining
valid results, all users should read APTD-0576 and adopt t*e operating and
maintenance procedures outlined in it, unless otherwise specified'herein.

The sampling train consists of the following components:

3.1:1 Probe Nozzle. Stainless steel (316) or glass with sharp,
tapered Teading edge. The angle of taper shall be 5.300, and the taper shall
be on the outside to preserve a constant internal diametef. The probe nozzle
shall be of the button-hook or elbow design, unless otherwise specified by the
Administrator. | If méde of stainless steel, the nozzle shall be constructed
from seamless tubing; other materials of construction may be used, Subject to

the approval of the Administrator.
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®
"~ A range of nozzle sizes ;uitab]e for isokinetic sampling should be
available, e.g., 0.32 to 1.27 cm (1/8 to 1/2 in.),orA larger if higher
® volume sémp]ing trains are use&‘, insidé diameter (I.D.) nozzles in iﬁcrements
of 0.16 cm (1/16 in.). Each nozzle shall be identified and calibrated {see
Section 5.2). .
® 3.1.2 Probe Liner. Borosilicate or quartz glass tubing with a
h'eating system capable of maintaining a gas temperature at the exit end duri.ng
sampling of 120° + 14°C (248°_f; 25°F); note that lower exit temperatures are
® acceptable, provided that they exceed the stack gas dew poir{t. Since the
actual temperature at the»out]et of the probe is not usually monitored diring
sampling, probes constructed according to APTD-0581 and utilizing the calibration
o curves of APTD-OS?SS:(or calibrated according to the procedure pu'tlined in APTD-
0576) will be considered acceptable. .
Either borosilicate or quartz glass probe liners may be used for stack
- temperatures up to about 480°C (900°F); quartz liners shall be used for tempera-
tures between 480° and 900°C (900° and 1650°F). Both types of liners may be
used at temperatures higher than specified for short period$ of time, subject
* to the approval of the Administrator. The softening temperature for borosilicate
is 820°C (1508°F), and for quartz it is 1500°C (2732°F). ’
& Whenever practical, every effort should be made to use borosilicate or
quartz glass probe liners. Alternatively, metal liners (e.g., 316 stainless
steel, Incoloy 825*, or other corrosion resistant metals) made of stainless
° tubing be used, subject to the approval of the Administrator.
*Mention of trade names or specific products does not constitute endorsement by
the U.S. Environmental Protection Agency. |
. %



3.1.3 Pitot Tube. Type S, as described in Section 2.1 of Method 2,

40 CFR 60 Appendix A, or other device approved by the Administrator. The Pitof
tube shall be attached to the probe (as shown in Figure A-1) to allow constant
monitoring of the stack gas velocity. .fhe impact (hiéﬁ pressure) opening plane
of the Pitot tube shall be even with or above the nozzle entry plane (see
Method 2, Figure 2-6b) during sampling. The Type S Pitot tﬁbe assembly shall
have a known coefficient, determined as outlined in Section 4 of Method 2.

3.1.4 Differential Pressure Gauge. Inclined manometer or equivalent
device (two), as desg;ibed in Section 2.2 of Method 2. One manometer shall be
used for veloc}ty heéd (ap) readings, and the other, for orifice differential
pressure readings.

3.1:8- "Fi];er Heating System. Any heating system capab1e of main-
taining a temperature around the filter holder durind sampling of 120° + 14°C
(248° + 25°F), or such other temperature as specified by an applicable subpart
the standards or approved by the Administrator for a particular application.
Alternatively, the tester may opt to operate the equipment at a temperature
lower than that specified. A temperature gauge capable of measuring temperatur
to within 3°C (5.4°F) shall be installed so that the temperature around the fil
holder can be regulated and monitored during sampling. Heating systems other t
the one shown in APTD-0581 may be used.

3.1.6 Filter Holder. Borosilicate glass, with a glass frit filter
support and a silicone rubber gasket. Other materials of construction (e.g.,
stainless steel, Teflon, Viton) may be used, subject to the approval of the
Administrator. The holder design shall provide a positive seal against leakage
from the outside or around the filter. The filter holder shall be attached - -

immediately at the outlet of the probe.
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3.1.7 . Impingers. Four impingers connected in series with leak-free
ground glass fittings or any similar leak-free noncontaminating fittings. The
fifst, third, And fourth impingers shall be of Greenburg-Smith design, modified
by replacing the tip with a 1.3 cm (1/2 in.) le. glass tube.extending to about
1.3 cm (1/2 in.) from the bottom of the flask. The second impinger shall be of
the Greenburg-Smith design with the standard tip. The first and second imbiﬁgers
shall contain known quantities of 0.1 N HNO3 (Section 4.1.3), the third shall
be empty, and the fourth shall contain a known weight of silica gel or equivalent
desiccant. A thermometer, Eapab]e of measuring temperature to within 1°C (2°F),
shall be placed at the outlet of the fourth impinger for monitoring purposes.

3.1.8 Metering System. Vacuum gauge, leak-free pump, thermometers
capable of measuring temperature to within 3°C (5.4°F), dry gas meter capable of
measuring volume to within 2%, and related equipment, as shéwn in Figure A-1.
Other metering systems capable of maintaining sampling rates within 10%
of isokinetic and of determining sample volumes to within 2% may be used,
subject to the approval of the Administrator. When the metering system is
used in conjunction with a Pitot tube, the system shall enable checks of
isokinetic rates. |

Sampling trains utilizing metering systems designed for flow rates higher
than that described in APTD-0581 or APTD-0576 ma; be used provided that the -
specifications of this method are met.

3.1.9 Barometer. Mercury, aneroid, or other barometer capable of
measuring atmospheric pressure to within 2.5 mm Hg (0.1 in. Hg). In many cases,
the barometric reading may be obtained from a nearby National Weather Service

station, in which case the station value (which is the absolute barometric

pressure) shall be requested, and an adjustment for elevation differences between
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the weather station and sampling point shall be applied at a rate of minus
2.5 mm Hg (0.1 in. ﬁg) per 30 m (100 ft) elevation increase or vice versa for
elevation decrease.

3.1.10 Gas Density Determination Equipment. Temperature sensor and
pressure gauge, as described in Sections 2.3 and 2.4 of Method 2, and gas
analyzer, if necessary, as described in Method 3 (40 CFR 60 Appendix A). The
temperéture sensor éha]], preferably, be permanently attached to the Pitot tub
of sampling probe in a fixed configuration, such that the tip of the sensor
extends beyond the f;ading edge of the probe sheath and does not touch any met
Alternatively, the sensor may be attached just prior to use in-the field. Not
'however, that if the temperature sensor is attached in the field, the sensor
must be placed in an interference-free arrangement with respect to the Type S
Pitot tube openings (see Method 2, Figure 2-7). As'a second alternative, prov
that a difference of not more than 1% in the averagé velocity measureme;t
is introduced, the temperature gauge need not be attached to the probe or Pito
tube. (This alternative is subject to the approval of the Administrator.)

3.2 Sample Recovery. The following items are needed:

3.2.1 Probe-Liner and Probe-Nozzle Brushes. Nylon bristle brushes
with stainless steel wire handles. The probe brush shall have extensions (at
least as long as the probe) of stainless steel, Nylon, Teflon, or similarly
inert material. The brushes shall be properly sized and shaped to brush out t
probe liner and nozzle.

3. 2:2 . Glass Wash Bottles--Two.

3.2.3 Glass Sample Storage Containers. Chemically resistant,‘boro-
silicate glass bottles, for 0.1 N HNO3 impinger and probe solutions and washe

1000 ml. Screw cap liners shall be either rubber-backed Teflon or constructed
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so as. to be leak-free and resistant to chemical attack by 0.1 N HN03.
(Narrow mouth glass bott]es‘have been found to be less prone to leakage.)

3.2.4 Petri Disﬁés. For filter samples, glass or po]yethy]éne,
unless otherwise specified by the Administrator.

3.2.5 Graduated Cylinder and/or Balance. To measure condensed water
to within 2 ml or 1 g. The graduated cylinder shall have a minimum capacity of
500 ml, and subdivisions no greater than 5 ml. Most laboratory balances are

capable of weighing to the*nearest 0.5 g or less.

silica gel.

|
|
|
3.2.6 Plastic Storage Containers. Air-tight containers to store
< |
l
3.2.7 . Funnel and Rubber Policeman. To aid in transfer of silica gel .

to container; not necessary if silica gel is weighed in the field.

3.2.8 Funnel. Glass, to aid in sample recovery.
3.3 Analysis.

3.3.1 Atomic Absorption Spectrophotometer. With lead hollow cathode

lamp and burner for air/acetylene flame.

3.3.2 Hot Plate.

3.3.3 Erlenmeyer Flasks. 125 ml 24/40 %.

3.3.4 Membrane Filters. Millipore §CWPO 4700 or equivalent.
3:3.5 Filtering Apparatus. Millipore vacuum filtration unit, or

'equivalent, for use with the above membrane filter.

3.3.6 Volumetric Flasks. 100 ml, 250 ml.
4. Reagents |
4.1 Sampling.
4.1.1 Filters. High purity glass fiber filters, without orgaﬁic

binder, exhibiting at least 99.95% efficiency (< 0.05% penetration) on 0.3
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micrun dioctyl phthalate smoke uarticles The filter efficiency test
shall be conducted in accordance with ASTM Standard Method D 2986 71. Test
data from the suppher s quahty control program are suff1c1ent for th1s purpos
Filters shall be Gelman Spectro Grade, or equivalent, w1th lot assay for Pb.
Reeve Angel 934 AH and MSA 1106 BH filters have been found to t;e equiva]ent.

4.1.2 Silica Gel. Indicating type, 6 to 16 mesh If previous'ly
used, dt‘y at 175°C (350°F) for 2-hr. New s1hca ge] may be used as recewed
Alternatively, other types of des1ccants (equ1va1ent or better) may be used
subject to the approval of the Administrator. |

4.1.3 Nitric Acid, 0.1 N. Prepared from reagent.grade HNO3
and deioni‘zed distilled water (Reagent 4.4.1, below). It may be desn‘able to
run b'lanks prior to field use to eliminate a high b1ank on test samp]es. Prepa
by diluting 6.5 ml of concentrated HNO (69%) to 1 hter w1th de1omzed
distilled water.

4.1.4 | Crushed ice.

4,1.5 Stopcock Grease. HN03-insolub1e, heat. stable, silicone grease
° This is not necessary if screw-onv conneetors with Teflon sleeves, or similar, a

used. A]ternativeiy, other types of stopcock greasemay be used, subject to thi
auproval of the Administrator. i ik

® 4.2 Pretest Preparation.

4.2.1 Nitric Acid, 6 N. Prepared from reagent grade HNO and deioni:
distilled water. Prepare by diluting 390 ml of concentrated KNO4 (69%) to 1
® liter with deionized, distilled vater.
4.3 Sample Recovery.
4,3.1 Nitric Acid, 0.1 N. Same as 4.1.3 above.
® 4.4 Analysis. |

T
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4.4.1 Water. Deionized, distilled to conform to ASTM Specification
D 1193-74, Type 3. o

4.4.2 Nitric Acid. ancentrated ACS reagent grade, or equivalent.

4.4.3 Nitfic Acid, 50% (v/v). Dilute 500 ml of concentrated
HNO3 to 1 liter with deionized, distilled water.

4.4.4 Stock Lead Standard Solution (1000 ug Pb ml ]) Dissolve
0.1598 g of reagent grade Pb (NO,), in about 60 ml of defonized distilled

water, add 2 ml concentrated HN03, and dilute to 100 m1 with dionized, dis-

tilled water. .w

4.4.5 Lead Standards.

4.4.5.1  Solution Sample Standards. Pipet 0.0, 1.0, 2.0, 3.0, 4.D,
and 5.0 ml é]iquoys‘pf the stock lead standard solution (Reagent 4.4.4) into

‘250 ml volumetric flasks. Add 5 ml qoncentrated HNO3 to each flask and dilute

to volume with deionized, distilled water. These wofking standards contain
0.0, 4.0, 8.0, 12.0, 16.0, and 20.0 ug Pb m~', respectively. Additional

standards at other concentrations should be prepared in a similar manner as

 needed.
4.4.6 Air. Of a quality suitable for atomic absorption analysis.
4.4.7 Acetylene. Of a quality suitable for atomiciabsorption analysis.
4.4.8 Hydrogen perexide. ACS reagent grade or equivalent, 3% by
volume.
5. Procedure
5.1 Sampling. The complexity of this method is such that, in

order to obtain reliable results, testers should be trained and experienced

"with the test procedures.

5.1:1 Pretest Preparation. A1l the components shall be maintained

and ca]ibréted according to the procedure described in APTD-0576, unless
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|
otherwise specified herein. In addition, prior to testing, all sample-exposed

surfaces shall be rinsed, first with 6 N HNO3 then with deionized, distilled
water. . | ’

Weigh several 200 to 300 g portions of silica ge14in air-tigﬁt containers
to the nearest 0.5 g. Record the total weight of the silica gel plus con-
tainer, on each container. As an alternative, the silica gel need not be
preweighed, but may be weighed directly in its impinger just prior to train
assembly. |

Check filters visdally against 1light for irregularities and flaws or bin-
ho]e leaks. Label the shipping containers (glass or plastic petri dishes) and
keep the filters in these containers at all times except during ;ampling and
analysis.._ A |

5.2 Preliminary Determinations. Select the sampiing site and

the minimum number of sampling points according to Reference Method 1 or as
|

specified by the Administrator. Determine the stack pressure, temperature,

"and the range of velocity heads using Reference Method 2; it is recommended

that a leak-check of the pitot lines (see Method 2, Section 3.1) be'performed.,
Determine the moisture confent using Reference Method 4 or its alternatives
for the purpose of making isokinetic sampling rate settings. Determine the
stack gas dry molecular weight as described\in Reference Method 3.

Select a nozzle size based on the range of velocity heads, such that it

is not necessary to change the nozzle size in order to maintain isokinetic

sampling rates. During the run, do not change the nozzle size. Insure that
the proper differential pressure gauge is chosen for the range of velocity

heads encountered (see Section 2.2 of Method 2).

Q2




Select a suitable probe liner and probe length such that all traverse
points can be sampled. For large stacks, consider sampling from opposite

sides of the stack to reduce the length of'probes.l |
Select a total samp]ing'time suéh that (1) the sampling time per point is
not less than 2 min. (or greater time interval as specified by the Adminis-
trator), and (2) a minimum lead mass of 100 pg is collected in the sample.

The sampling time and volume will therefore vary from source-to-source.

It is recommended that the number of minutes sampled at each point be an
integer or an integer plus qge-half minute, in order to avoid timekeeping errors.
In some circumstances, e.g., batch cycles, it may be necessary to sample
for shorter times at the traverse points and to obtain smaller gas sample
volumes. In these cases, the Administrator's approval must first be obtained.
5.1.3 ﬁréﬁarat}on of Collection Train. During prepafation and

assembly of the sampling train, keep all openings where contamination can occur
covered until just prior to assembly or until sampling is about to begin. :
Place.IOO ml of 0.1 HNO3 in each of the first two impingers, leave the
third impinger empty, and transfer approximately 200 to 300 ug of preweighed
silica gel from its container to.-the fourth impinger. More silica gel may

be used, but care should be taken to insure that it is not entrained and

carried out from the impinger during sampling. Place the container in a

clean place for later use in the sample recovery. Alternatively, the weight

. of the silica gel plus impinger may be determined to the nearest 0.5 g

and recorded.
Using tweezers or clean disposable surgical gloves, place a filter in the

filter holder. Be sure that the filter is properly centered and the gasket

pfoper]y placed, so as to prevent the sample gas stream from circumventing the




filter. Check e filter for tears after assembly is completed.

When glass iiners ére used, install the selected nozzle using a Viton
A 0-ring when szzck temﬁeratures are less than 260°C (500°F) and an asbestos ‘
string gasket w~2n temperatures are higher. See APTD-0576 for details. Other
connecting systs=s using either 316 stainless steel or Teflon ferrules may be
»used. When metal liners are used, install the nozi}e as above or by a leak-
free direct mechanical connection. Mark the probe with heat resistant tape or
by some other method to.denote the proper distance into the stack or duct for
each sampling point. .

Set up the train asfin Figure A-1, using (if necéssary) a very light coat
of silicone grease on all ground glass joints, greasing only the outer portion
(see APTD-0576) to avoid possibility of contamination by the silicone grease.

Place ‘crushed ice around the imbingers. '

5.1.4 Leak-Check Procedures. | |
5.1.4.1 Pretest Leak-Check. A pretest leak-check isArecommended, bht
not required. If the tester opts to conduct the pretest leak-check, the following
procedure shall be used.
After the sampling train has been assembled, turn on and set the filter
and probe heating systems at the desired operating temperature. Allow time for
the temperature to stabilize. If a Viton A O-ring or other leak-free connection
is used in assémb]ing the probe nozzle to the probe liner, leak-check the train
| at thé sampling site by plugging the nozzle and pulling a 380 mm Hg (15 in. Hg)
vacuum, '
Note: A Tower vacuum may be used, provided that it is not exceeded during
- the test.

If an asbestos string is used, do not connect the probe to the train during
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the leak-check. Instead, leak-check the train by first plugging the inlet

to the filter and pulling a 380 mm Hg (iS fn. Hg) vacuum (see note immediately
above). Then connect the probe to the train and leak-check at about 25 mn Hg

(1 in. Hg) vacuum; alternatively, the probe may be leak-checked with the rest
of 'the sampling train, in one step, at 380 mm Hg (15 in. Hg) vacuum. ‘Leakage

in excess of 4% of the average sampling rate or 0.00057 m3/min (0.02 ft3 min']),
whichever is less, are unacceptable. Lt

The following leak-check instructions for the sampling train described in
APTD-0576 and APTD-0581 may.be helpful. Start the pump with bypass valve fully
open and coarse adjust valve completely closed. PartiaT]& open the ;oafse adjust
valve and slowly close the bypass valve until the desired vacuum is reached.

Do not reverse direction of bypass valve; this will cause 0.1 N HNO3 to back
up»into the fifté;. I%‘the desired vacuum is exceeded, either leak-check at
this higher vacuum or end the leak check as shown below ana start over.

When the leak-check is completed, first slowly remove the plug from the
inlet to the probe and immediately turn off the vacuum pump. This prevents the
0.1N HNO3 in the impingers from being forced backward and silica gel from being
entrained backward.

5.1.4.2 Leak-Checks During Sample Run. If, during the sampling run, a
component (e.g., filter assembly or impinger) change becomes necessary, a leak-
check shall be conducted imhediate]y before the change is made. The Ieak—chéck

shall be done according to the procedure outlined in Section 5.1.4.1 above,

except that it shall be done at a vacuum equal to or greater than the maximum

- value recorded up to that point in the test. If the leakage rate is found to

be no gkeater than 0.00057 m3/min (0.02 ft3 min']) or 4% of the average sampling

rate (whichever is less), the results-are acceptable, and no correction will need

(o]
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to be applied to the total volume of dry gas metered; if, however, a higher
leakage rate is obtained, the tester shall either record the leakage rate and
plan to correct the sample volume as shown in Section 6.3 of Reference Method
5, or shall vbid the sqmpling-run.

Immediately after component,changeé, leak-checks are optiohé]; if such
leak-checks are done, the procedure outlined in-Section 5.1.4.1 above shall
be used.

5.1.4.3 Posttest Leak-Check. A leak-check is mandatory at the conclusion
of each sampling run. The leak-check shall be done in accordance witﬁ the |
procedures outlined in' Section 5.1.4.1, except that it shall be conducted at a
vacuum equal to or greater than the maximum value reached durinq;the sampling
run. If the leakage rate is found to be no greater than 0.00057 m3/min (0.02
ft3) or 4% of the average sampling rate (whichever is less), the results are
acceptable, and no correction need be applied to the,totai volume of dry gas
metered. However, if a higher leakage rate is obtained, the tester shall
either record the leakage rate and correct the sample volume as shown in
Section 6.3 of Method 5, or shall void the sampling run.

5.1.5 Sampling Train Operation. During the sampling run, maintain an
isokinetic sampling rate (Qithin 10% of true isokinetic unless otherwise

specified by the Administrator).
N
For each run, record the data required on a data sheet such as the one

shown in EPA Method 5, Figure 5-2. Be sure to record the initial dry gas meter
reading. Record the dry gas meter readings at the beginning and end of each
sampling time increment, when changes in flow rates are made, before and after
each leak-check, and when sampling is halted. Take other readings required

by Figure 5-2 of Method 5 at least once at each sample point during each time

96
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increment and additional readings when significant changes (20% variation

in velocity head readings) necessitate additional adjustments in flow rate.
Level and zero the manometer. iBecause the manometer 1evé1 and zero may drift
due to vibrations and temperature changes, make“periodic checks during'the
traverse.

Ciean the portholes prior to the test run to minimize the chance of
sampling deposited material. To begin sampling, remove the nbzz]e cap, verify
that the filter and probe are at proper temperature, and that the Pitot tube |
and probe'are properly positﬁ%ned. Position the nozzle af.fhe-first traverse
point with the tip pointing directly into the gas stream. Immediately §tart
the pump and adjust the flow to isokinetic conditions. Nomographs are available,
which aid in the rapid adjustment of the isokinetic sampling rate without excessive
computations. These nomographs are designed for use when thé Type S Pitot tube
coefficient is 0.85 + 0.02, énd the stack gas equivalent density (dry molecular -
weight) is equal to 29 + 4. APTD-0576 details the procedure for using the nomo-
graphs. If C_ and Md are outside the above stated ranges, do not use the nomo-

P .
graphs unless appropriate steps (Shigehara, 1974) are taken to compensate for

the deviations.

When the stack is‘under significant negative pressure (> a water column
the height of the impinger stem), take care to close the coarse adjust va]vel
before inserting the probe into the stack to prevent 0.1 N HNO3 from backing
fnto the filter. If necessary, the pump may be turned on with the coarse
adjust valve closed.

When the probe is in position, block off the openings around the probe and

portho]e to prevent dilution of the gas stream.

Traverse the stack cross-section, as required by Reference Method 1 or as
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specified by the Administrator, without bumping the probe nozzle into the
stack walls when éampling near the walls or when removing or inserting the
probe through the bortho]es. |
- During the test run, add ice and, if necessary,‘salt to_the-ice'bath, tc
maintain a temperature of less than éO°C (68°F) at the impinger/silica gel
outlet. Also, periodically check the level and zero of the manometer.

A single train shall be used for the entire sample run; except in cases
where simultaneous sampling is required in two or more separate ducts or at
two or more different locations within the same duct, or, in cases where
equipment fai1ure.ﬁzcessitates a change of trains. _In all other situations,
the use of two or more trains will be subject to the approval. of the Adhinist

“Note that when two or more trains are used, separate analyses of the sam
fractions from each train shall be performed, uh]ess‘otherwise specified b} t
Administrator. Consult with the Administrator foridetails concerning the cal
lation of results when two or more trains are used. :

At the end of the sample run, turn off the coarse adjust valve, remove t
probe and nozzle from the stack, turn off the pump, record the final dry gas
meter reading, and conduct a post-test leak-check, as outlined in Section 5.1
Also, leak-check the Pitot 1lines as described in Method 2, Section 3;1; the 1
must pass this leak-check in order to vq}idate the velocity head data.

5.1.6 Calculation of Percent Isokinetic. Calculate percent isokine
(see Section 6.11 of Method 5) to determine whether the run was valid or anotl
test run should be made. If there was difficulty in maintaining isokinetic re
due to source conditions, consult with the Administrator for possible varianc
on the isokinetic rates.

5.2 Sample Recovery. Proper cleanup procedure begins as soon as

98
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probe is removed from the stack at the end of the sampling period. Allow the
probe to cool.

When the probe can be safely handled, wipe off all ekterna] particulate
matter near the tip of the probe nozzle and place a cap over it. Do not Eap
off the probe @ip tightly whiﬁe the sampling train is cooling down as this
would create a vacuum in the fi]ter.holder, thus drawing liquid from the
impingers into the filter.

Before moving the sample train to the cleanup site, remove the probe from
the sample train, wipe off the silicone grease, and cap thg open outlet of
the probe. Be careful not to lose any condensate that ﬁfght be present. Wipe
off the silicone grease from the glassware inlet where the probe was fégtened
and cap the inlet. Remove the umbilical cord from the last impinger and cap
the impinger. Either ground-glass stoppers, plastic caps, of serum caps may
be used to close these openings. |

Transfer the probe and filter-impinger assembly to the cleanup area. This
area should be clean and protected from the wind so that the chances of contam-
inating or losing the sample will be minimized.

Save a portion of the 0.1N HNO3 uséd for sampling and cleanup as a blank.
Place 200 ml of this O.1N HNO3 taken directly from the bottle being used into
a glass sample container labeled "0.1N HNO3 blank."

Inspect the train prior to and during disassembly and note any abnormal
conditions. Treat the samples as follows:

Container No. 1. Carefully remove the filter from the filter holder and

place it in its identified petri dish container. If it is rzcessary to fold

- the filter, do so such that the sample-exposed side is inside the fold. Care-

fully transfer to the petri dish any visible sample matter and/or filter fibers

3
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that adhere to the filter holder gasket by using a dry Nylon bristle brush
and/or a sharp-edged blade. Seal the container.

Container No. 2. Taking care to see.that dust on the outside of the

probe or other eitéridr surfaées does not get into the sample, quantitatively
recover sample matter or any condensate from the probe nozzle, probe fitting,
probe liner, and front half of the filter holder by washing these components
“with 0.1 N HNO3 and placing the wash into a glass or polyethylene container.
Measure and record (to the nearest ml) the total amount of O0.1N HNO3 used for
each rinse. Perform.Ehe 0.1N HNO3 rinses as follows:

Carefully remove the probe nozzle and clean the inside surface by rinsing
with 0.1N HNO3 from a wash bottle while brushing with a stainless steel, Nylon-
bristle brush. Brush until the 0.1IN HNO3 rinse shows no visible particles, ther
make a'finél rinse of the inside surface with 0.1N HN03. »

Brush and rinse with 0.1N HNO, the inside parts bf the Swagelok fitting
in a similar way until no visible particles remain. )

Rinse the probe liner with 0.1N HNO3 by tilting the probe and squirting
0.1N HNO3 into its upper end, while rotating the probe so that all inside
surfaces will be rinsed with 0.1N HN03..' Let the 0.1N HN0\3 drain from the
Tower end into the sample container. A glass funnel may be used to aid in
transferring liquid washes to the containey. Follow the O0.1IN HNO3 rinse with
a probe brush. Hold the probe in an inc]iﬁed position, squirt O.1N HNO3 into
the upper end of the probe as the probe brush is being pushed with a twisting
action through the probe; hold a sample container underneath the lower end of
the probe and catch any 0.1N HNO3 and sample matter fhat is brushed from the

probe. Run the brush through the probe three times or more until no visible

sample matter is carried out with the 0.1N HNO3 and none remains on the probe
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® liner on visual inspection. With stainless steel or other metal probes, run
the brush through in the above prescribéd manner at least sixvtimes, since metal
probes have small crevices in which sample matter‘can be entrapped. Rinse the
® | bfush with 0.1N HNO3 and quaﬁtitative]y collect these washings in the sample

‘ container. After the brushing make a final O0.1IN HNO3 rinse of the probe as
described above. -

¢ It is recommended that two people be used to clean the probe to minimize

loss of sample. Between sampling runs, keep brushes clean and protected from

contamination. -

After insuring that all joints are wiped clean of silicone grease, clean
the inside of the front half of the filter holder by rubbing the surfaces with
a .Ny'loln bristle brush and rinsing with 0.1N HN03. Rinse each surface three
times or mor‘e,::i'\é' need;d, to remove visible sample matter. iMake a final rinse

of the brush and filter holder. After all 0.1 N HNO3 washings and sample matter

are collected in the sample container, tighten the 1id on the sample container
so that 0.1N HNO3 will not leak out when it is shipped to the laboratory. Mark
the height of the fluid level to determine whether leakage occurred during

transport. Label the container to clearly identify its contents.

Container No. 3. Check the color of the indicating silica gel to determine

if it has been completely spent and make a notation of jts condition. Transfer
& | the silica gel from the fourth impinger to the original container and seal. A
funnel may make it easier to pour the silica gel without spilling. A rubber
~ policeman may be used as an aid in removing the silica gel from the impinger. -
® : It is not necessary to remove the small amount of dust particles that may adhere
to the walls and are difficult to remove. Since the gain in weight is to be

used for moisture calculations, do not use any water or other liquids to transfer
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the silica gel. If a balance is available in the field, follow the procedure
for Container No. 3 under "Analysis."

Container No. 4. Due to the large quantity of 1liquid involved, the impinger

solutions are placed togéther in a separate container. However, they may be com-
bined with the contents of Container No. 2 at the time of analysis in order to
reduce the number of analyses required. Clean each of the first three impingers
and connecting glassware in the following manner: "
1. Wipe the impinger ball joints free of silicone grease and cap the joints
2. Rotate and agitate each impinger, so that the impinger contents might
serve as a rinse solution. ‘ |
3. Transfer the contents of the impingers to a 500 ml graduéted cylinder.
The outlet ball joint cap should be removed and the contents drained through this
opening. %hé impinger parts (inner and outer tubes) myst not be separated while
'transferring their contents to the cy]inder.A | )
Measure the liquid volume to within + 1 ml. Alternatively, determine
the weight of the liquid to within + 0.5 g by using a balance. The volume
or weight of liquid present, along with a notation of any color or film observed
in the impinger catch, is recorded in the‘1og. This information is needed,
along with the silica gel data, to calculate the stack gas moisture content
(see Method 5, Figure 5-3). \
4, Transfer the contents of the first three impingers to Containef No. 4.
5. Pour approximately 30 ml of 0.1N HNO3 into each of the first three
impingers and agitate the impingers. Drain the 0.1N HNO3 through the outlet
arm of each impinger into the No. 4 sample container. Repeat this operation
a second time; inspect the impingers for any abnormal conditions.

6. Wipe the ball joints of the glassware connecting the impingers free
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of silicone grease and rinse each piece of glassware twice with 0.1N HN03;

this rinse is collected in Container No. 4. (Do not rinse or brush the glass-.

fritted filter support.)

Mark the height of the fluid level to determine whether leakage'occurred
during transport. Label the container to clearly jdentify its contents.

Note: In steps-5 and 6 above, the total amount pf 0.1N HNO3 used_for
rinsing must be measured and recorded.

5.3 Analysis

5.3. 1 Container, No. 3. This step may be conducted in the field.

Weigh the spent silica gel (or silica gel plus 1mp1nger) to the nearest 0.5g

using a balance.

5.3.2 Lead Sample Preparation and Analysis

5.3.2.{ " Container No. 1. Cut the filter into strips and transfer the
strips and all loose particulate matter into 125-m1 Ehrlenmeyer Flask. Rinse
the petri dish with 10 ml of 50% nitric acid to insure a quantitative transfer
and add to the flask. (Note: if the total volume required in Section 5.3.2.3
wijl exceed 80 ml, it will be necessary to use a 250-ml Ehrlenmeyer flask in
place of the 125-m1 Ehrlenmeyer flask.)

5.3.2.2. Containers No. 2 and No. 4. Combine the contents of Containers

No. 2 and No. 4 and take to dryness on a hot plate. (Note: Prior to analysis,
the liquid level in Containers No. 2 and/or No. 4 should be checked; confirmation |
as to whether or not leakage occurred during transport should be made on the
analysis sheet. If a noticeable amount of leakage has occurred, either void
the sample or fake steps, subject to the approval of the Administrator, to
correct the final results.)

5.3.2.3 Sample Extraction for Lead. Based on the approximate stack gas




particulate concentration and the total volume of stack gas sampled, estimate
the total weight of sample collected. Now tfansfer the residue from Containers‘
No. 2 and No. 4 to the 125-ml1 Ehrlenmeyer flask that contains the filter using
a rubber.policeman and 10 ml of 50% (V/Vj HNO3 for evefy 100 ug‘df sample
collected in the train or a minimum of 30 ml of 50% HN03, whichever is larger,
Place the Ehrlenmeyer flask on a hot plate and heat with periodic stirring
for 30 min. at a temperature just below boiling. If the sample volume falls
below 15 ml, add more nitric acid. Add 10 ml of 3% H202 and continue heating
for 10 min. Add 50 m1 of hot (80°C) distilled deionized water and heat for
20 min. Remove flask from heat and allow to cool. Filter the-sgmpie through ‘
a Millipore membrane filter or equivalent and transfer the filtrate to a 250-m1‘
volumetric flask. Dilute to volume using distilled, deionized w&ter. 1
5.3.2.4 Filter Blank. Determine a filter blank using two filters from
each lot of filters used in the sampling train. Cut each filter into strips
and place each filter in a separate 125-ml Ehrlenmeyer flask. Add 15 ml

of 50% (V/V) HNO, and treat as described in Section 5.3.2.3 (Extraction for

3
Lead)using 10 ml, of 3% H202 and 50 ml of hot, distilled, deionized water.
Filter and dilute to a .total volume of 100 ml using distilled, deionized water,
5.3.2.5 0.1 N Nitric Acid Blank. Take the entire 200 m1 of 0.1 N HNO3 to
dryness on a steam bath, add 15 ml of 50% (V/V) HNO3, and treat as described
in Section 5.3.2.3 (Extraction of Lead) using 10 ml of 3% H202 and 50 ml of
hot, distilled, deionized water. Dilute to a total volume of 100 ml using dié-
tilled, deionized water.

5.3.2.6 Lead Determination. Calibrate the spectrophotometer as describe

in Section 6.1 and determine the absorbance for each source sample, the filter

blank and 0.1N HNO3 blank. Analyze each sample three times in this manner




Make appropriéte dilutions, as required, to bring all sample lead con-
centrations into the 1linear absorbance range of the spectrophotometer.

If the lead,cbncentratioh'of a sémple is at the low end of the calibration
curve and high accuracy is required, the sample can be taken to dryness on a
hot plate and the residue dissolved in the appropriate Qolume of water to
bring it into the optimum range of the calibration curve.

5.3.2.7 Mandatory Check for Matrix Effects on the Lead Results. Thé
analysis'for lead by atomic g?sorption is sensitive to the chemica} composition
and to the physicai properties (viscosity, pH) of the sample (matrix effects).
Since the lead procedure described here will be applied to many different sources,
it can be anticipated that many different sample matrices will be encountéred.
Thus, it is mandhtory that at least one sample from each sougcé be checked using
the Method of Additions to ascertain that the chemical compdsition and physical 3
properties of the sample did not cause erroneous analytical results.

‘Three acceptable "Method of Additions" procedures are described in the

General Procedure Section of the Perkin Elmer Corporation Manual. If the
results of the Method of Additions procedure on the SOurcé sample do not agree
within.s% of the value obtained by the conventional atomic absorption analysis,
then all samples from the source must be reanalyzed using the Method of Additions

procedure.

6. Calibration
Maintain a laboratory log of all calibrations.
6.1 Samp]ing'Train Calibration. Calibrate the sampling train com-
ponents according to the indicated sections of Method 5 (40 CFR 60 Appendix A):

probe nozzle (Section 5.1); Pitot tube assemble (Section 5.2); metering system
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(Section 5.3); probe heater (Section 5.4); temperature gauges (Section 5.5);

barometer (Section 5.7). Note that the leak-check of the metering system

(Section 5.6 of Methqd 5) applies to this method.

6.2 Spectraphotometef. Measure the absorbance of the standard

solutions using the ihstrumént settings recommended by the Spectrophotometef‘

manufacturer. Répeat‘unti1 éood'agreement is obtained between replicates.

Plot the absorbance (y-axis) versus concentration in ug Pb m]'] (x-axis).

: t
Draw or compute a straight Tine through the linear portion of the curve. Do

‘not force the dalibratﬁon curve through zero, but if the curve does noi pass

through the origin or at least lie closer to the origin than + 0.003 absorbanc

units, check for incorrectly prepared standards and fbf curvature in the

. PR B f :
calibration curve. ‘ ' g

W), 0

To determine stability of the calibration clrve, run a blank and a standa

after every five samples and recalibrate, as necessary.

=

7. .Calibréfions”

7. Nomehc]aturei
AS = Sta?k aféa, m2 '
(Pb)o = Total pg of lead in the source samples after correcting for all
~dilutions. |
Pbar = Barometfjcfpressure at thg*samp]ing site,.mm'Hg,
PS = Absolute stack gas pressure, mm Hg. |
R = Rate of lead emjssion, g/day.
Tm = Absolute averagé er gas meter temperature, K. ,
T = Absolute stack temperature, K.
v = Average stack gas_ve]ocity, m/sec.

N




Vm = Total volume of gas sample as measured by the dry gas meter,
corrected for leakage, m

Viotal = Total gas sample volume (stack conditions), m3.

Y = Dry gas meter calibration factor. ‘

AH = Average pressure differential across the orifice meter, mm HZO‘

7.2 "~ Calculate Vm’ the total volume of dry gas metered (corrected for

leakage, if necessary, as outlined in Section 6.3 of Method 5, 40 CFR 60,

Appendix A).

7.3 ~ Calculate the volume of water vapor and the moisture_conteq//of
34 .

the stack gas, from data obtained in this testing, use Equations (5.2) ard

(5.3) of Method 5, 40 CFR 60, Appendix A. ‘

7.4 Calculate, v_, the average stack gas velocity, using Equation
(2 9) of Method 2 40 CFR 60, Appendix A; use ve]oc1ty head (aP), -témerature,
pressure, and moisture data from this field test. //g

75 Calculate the total gas sample volume at stack cK/d1t1ons,
using the fo]10w1ng equation: _ ,/

Veora1 = V¥ ':':T PbarP: T%'ie‘ | (A/—}J'"

. //
7.6 Total Lead in Source Sample. For each‘source sample correct the

average absorbance for the contribution of the f11ter blank and the 0.1 N HNO3
blank. Use the calibration curve and this corrected absorbance to determine
the lead concentration in the sample aspirated into the spectrophotometer.

Ca]cu]ate the total lead content in the original source sample (Pb)o;

correcting for all the dilutions that were made to bring the lead concentration

of the sample into the linear range of the spectrophotometer.

7.7 Total Lead Emission. Calculate the total amount of lead emitted

n?



from each stack per day by Equation (A-2). This equation is applicable for

continuous operations.  For cyclic operations, use only the time per day each

stack is in operation The total lead emissions from a source will be the

summation of results from all stacks.

R (Pb)o Ve AS 86400 seconds/dax, (A-2)
Vtotal 10° wg/g |

8.\ Isokinetic Variation. Determine the isokinetic variation in the sampling

rate\using Equation (5+7) of Method 5, 40 CFR 60, Appendix A and the raw data

from this testing.

8. Acceptable Isokinetic Results. The following ranéb sets the
limit on.'_ceptab]e jsokinetic sampling results:
If 9;§\§_I < 100%, the results are acceptable. If the results are low

in comparisoﬁ\x;th the emission standard and‘I is beyond the acceptable
range, or if I s less than 90%, the-Administrator may opt to accept the

results. Otherwisqihreject the results and repeat the test.
\ _

9. Alternate Test Methods for Inorganic Lead

9.1 Simultarieous Determination of Particulate and Lead Emissions.
~ Method 5 as described iﬁ p CFR 60, Appendix A, is an acceptable alternate test
method provided that: (1) \0.1N HNO, is used in the impingers; (2) a glass fi
filter-with a low lead background is used; and (3) the entire train contents,
including the impingers, are tré@tgd and analyzed for lead as described in
Section 5 of this Test Method.

9.2 Filter located Between Third and Fourth Impinger. Location of

the filter between the third and fourth impinger is an acceptable alternative
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method provided that the fi]ter is included in the analysis for lead.

9.3 In-Stack Filter. Use of an in-stack filter is an acceptable
‘alternate method provided thét: (1) fhe in-stack filter is followed by a glass-
lined probe and at least two impingers that each contain 100 ml of 0.1IN HN03;

and (2) the probe and impinger contents are recovered.and analyzed for lead.
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APPENDIX E

TYPICAL CALCULATION:

MAIN STACK RUN NO. 1



@2[;; certified testing laboratories, inc.

Y CTL - ENVIRONMENTAL SERVICES
TYPICAL CALCULATION MAIN STACK RUN #1
1) Pry Gas Volume, Standard Conditions
o ' .
Vm (std) = Vm x Y x 17.647 x PbarT; BH/13.5
Where Vm (std) = Corrected gas volume
Vm = Measured gas volume
L Y = Gas Meter Correction
Pbar = Measured barometric pressure
- AH = Average pressure differential, orifice meter
Tm = Average gas meter ‘temperature, R
P Vm (std) = s ’ 26.04 + 2.5
74.285 x 1.004 x 17.647 13.6 = 65.24
69.0 + 460
® 2) Particulates Collected
On Filter o 0.0287 g
Probe Wash and Impinger Catch 0.1794
Total ' 0.2081 ¢
®
3) Water Vapor
Moisture Collected: Impinger No. 1 3.2 grams
2 2.4
® 3 1.6
L 16.3
Total 23.5 grams
Volume of water vapor (Eng. units): Weight of moisture (grams) x 0.04715
® 23.5 x 0.04715 = 1.11 SCF
L) Moisture Content of Stack Gases
. _ 1. x 100 = 1.7%
Moisture Content 111 + 65.2%
® 5) Molecular Weight of Stack Gases, Dry
MW = (0.44 x 602) + (0.32 x 02) + (0.28 x N2)
(0.44 x 2.0) + (0.32 x 18.6) + (0.28 x 79.4)
= 29.1
o
2905 EAST CENTURY BLVD. « SOUTH GATE, CALIF. 90280 - (213) 564-2641




7)

10)

Molecular Weight of Stack Gases, Wet

MW = 29.1

Average

(1 - 0.017) + (18 x 0.017) 28.9

Stack Gas Velocity 3

Vs = 85.48 x Cp x (Ap avg)% X

Ts avg
Ps x Ms

Where Vs = Average velocity, ft/sec
Cp = Pitot tube coefficient
Ap avg = Velocity head, in. of"-waterO
Ts avg = Average stack temperature, R
Ps = Abs. stack pressure, in. of Hg
Ms = Molecular weight of stack gases, wet
— — 7
” 3 171 + 460 -
Vs = 85.48 x 0.819 x (0.801)% X 5e—=——p5— 57.97 ft/sec
Isokinetic Sampling
_ Ts Vm std
%1 = 0.0945 x Ps Vs An @ (1 - Bws)
Where Ts = Stack gas temperature, °r
Vm std = Corrected sample volume
Ps = Abs. stack gas pressure
Vs = Stack gas velocity ;- 2
An = Cross-sectional area of nozzle, ft
e = Sampling time, min
Bws = Moisture in gas steam, vol. fraction
%1 = 0.0945 x (171 + L460) (65.24) - 93.5 %

25.5 x 57.96 x 0.000341 x 84 x (1-.017)

Total Gas Volume at Stack Conditions

vTotal ¥

vTotal

65.24 (1.004) (.0567) (111 *+ 460  _

n (std) Y<bstd \ (Tstack \

Tstd / Pstack /

cubic feet

5.5 I3

Mass Emission Rate

R = mg Metal Vs As 86400 sec/day
[y P IO3mg/gram
_ (10.8)(57.96) (56.19) 86400 \ -
Roy, = 57 5 [ o3 / 33220 grams/day
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APPENDIX F

STACK TEST DATA SHEETS
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Plant ﬁlffmco / 26w /7m.f - Ambient temperature, °F 27)
Run Number 73 . : 2905 E. Century Boulevard Barometric pressure
Locatfon M«s AL ", South Gate, CA 90280 in. Hg x5, Yéj
Date 4275 24 : - c Assumed moisture, 7
Operator /. D ' ﬁ . 53. 7,7 5CE Heater box setting, = 9
. Sample case number / Nesmp 3 /9-&‘” < Pitobe tip diameter, in. L YrS
i Monitor Unit number _2— Ver. ; Pitobe length, ft. __ //' 55

Pitobe heater setting 27
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Plant Q0 — CIL - ENVI AL 1ES Ambient temperature, °F
Run Number = 2905 E. Century Boulevard Bgrometric pressure,
Locatfion South G ¢ 0280 n. Hg
Date ’ 749, 22-79 st B 8 Assumed moisture, ¥
Operator _ pO-F M : Heater box setting, °F
Sample case number / Pitobe tip diameter, in.
Monitor Unit number b4 Pitobe length, ft.
: Pitobe heater setting
Dry gas Sample
Orifice aH,
Dry Gas /| Pitot, in. H,0 tenperature, s T?I:; I““T’;;gf" Stack ST?mcp"_,
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Plant _Zyercs - /Aé._A (n ENV[ SERVICES Ambient temperature, °F
Run Number £ 2905 E. Century Boulevard Barometric pressure,
Location _ﬂnjAfwxz?/ South Gate, CA 90280 in. Hg <S5 22 //9
Date -28-27 Assumed moisture, %
Operator @ g/ Heater box setting, °F
Sample case rfumber / Pitobe tip diameter, in.
Monitor Unit number _ =X 5 Pitobe length, ft.
: M Pitobe heater setting
Dry qas Sample
Orifice aH, tempgrgture. Pump | Case [Impinger Stack
Dry Gas - Pitot, in. H,0 "V oF Vacuum | Temp- | Temp- b 3t2°K | Temp-
Clock | Meter |[in. H,0 in. H Pressure,) . .ature
Point | Time | ft3 | ap? uge [Touresferature, [y "pg || eratures
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Plant = L Rowm ) 77 (L E!Wl AL 1GS Ambient,[temperature, °F _4{ 0
Run Numger 5 ’ . 2905 E. Century Boulevard Barometric pressure
Location £ " South Gate, CA 90280 in. Hg 25.3Y
Date s 2% : Assumed moisture, ¥ 2 )
Operator _ £/ D | Vosisrp . . Heater box setting, °F z@
Sample case number / ) 1;3 /57‘/9c ' . Pitobe tip diameter, in. ©0.¥Y535
Monitor Unit number = Yaoc, L1 s Pitobe length, ft. /ezr 55 .
/?///0 /,[ N Pitobe heater setting ,/,
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Plant _0,4 M (L ENVI AL 1CES Ambient temperatuée, °F
Ruh Nt:m er 2305 E. Century Boulevard Barometric pressure,
Location ) T . in. Hg
Date AT ' South Gate, CA 90280 Assumed moisture, %
Oper?tor 7 UO‘I;U . Heatgr box s$tting, SF
Sample case némber _ | Pitobe tip diameter, in.
Monitor Unit number { 2_‘_2 Pitobe length, ft.
‘ Pitobe heater setting
Dry gas Sample
Orifice aH Stack
Dry Gas | Pitot, in. W0 rempgrature, o T?ms;:e- I""T’l,?lgfr Stack | Tonp.
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Plant ‘ ; °
Ambient temperature, °F
Il!:zattit;glger - p 2905 E. Century Boulevard B?rometr'lc PFESSUT‘G,
G ' " South Gate, CA 90280 n. Hg
~ Date @-27-7 ! . k4
- Operator 4,?9 . ﬁzmﬁdbggiiﬁ‘t':?ng, F
Sample case number /
. ; A 3 Pitobe tip diameter, in.
Monitor Unit number —_ /cy? Pitobe length, ft.
: Pitobe heater setting
Dry gas Sample
Dry Gas | Pitot, | im0 temperature, | Pump | Case (Impinger| gy, | Stack
Clock | Met 2 S Vacuum | Temp- Temp- Temp-
) er |in. H,0 in. H Pressure, .
Point | Time ft 3 ap 2 12' 9 prature, erature, [ 5, "y eratgte,
Desired | Actual auge F F ) °
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| , — CIL - ENVIRONENTAL SERVI
Plant _ﬁﬁm@— /ém ead CiL : SERVICES Ambient temperature, °F {2
Run Number & .. 2905 E. Century Boulevard Barometric pressure,
Location MLM "' South Gate, CA 90280 in. Hg _2¢.07
Date 25 /29 — Assumed moisture, ¥ 5
Operator _x, 2 | V 2. S¢3 S5CK - Heater box setting, °F __256
Sample case number / MSTO - / - Pitobe tip diameter, in. Yfs~
Monitor Unit number = %/60 47/ . Pitobe length, ft. VAR
- 7 Pitobe heater setting _
'\kl, M Fr/ S MeTer Cona fperon 0.99{
47 9984 Coz 515
7 . Dry gas Sample
. Orifice oM, tempergture Pump | Case [Impinger| ... | Stack
Dry Gas 4| Pitot, in. H20 - oF * |vacuum Temp- Temp- ac Temp-
Clock | Meter |in. H,0 : in. Hg krature.lerature. PreSSUTesl o ature
Point | Time ft3 | op Gauge | op 'S er T S*| in. Hg |®ToEC
Desired | Actual auge F F
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Plant = (1L ENVI A 1S Ambient temperature, °F
Run Numger L 2 2305 E. Century Boulevard Barometric pressure,
Location anbgﬂ,,g A LA uth G in. Hg
Date 2-29-79 ' South Gate, CA 90280 Assumed moisture, %
Operator 1O Heater box setting, °F = <o
Sample case numBer Pitobe tip diameter, in. 4 <
Monitor Unit number_—_ At > Pitobe length, ft. _ 4 s
f ? sl Pitobe heater setting /-
Dry qas Sample
) Orifice aH, tenperature, | Pump | Case  |Impinger Stack
Dry Gas Pitot, in. H,0 . e ? VYacuum T - Temp- Stack Temp--
Clock Meter |in. H,0 F in. H emp TP~ bressure, erature
Point | Time | ft3 | ap 2 Gauge | opTes(ErAkUres [ in, Hg |erasire
Desired | Actual auge | °F F
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20 1 )X 1 o5 x5S 75 2SD | _s 4 /6
24 024 2.3 /00 250 | & 1o
4/ 2¢ 1/ . b O S R.ES i/ 250 /£ /26
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) Ll gt - ENVIRONENTAL SERVIGES |,
Plant — . CiL ENVI A I Ambient temperature, °F
Run Nt;mber < - . 2905 E. Century Boulevard Barometric pressure,
Location _4. ?d,m‘g. =/ "' South G in. Hg
Date P-RP-7 ' o ate, CA 90'280 Assumed moisture, % S
Operator p .l ' . Heater box setting, °F J<c O A
Sample case number 7/ foge 51 o Pitobe tip diameter, in. 72
Monitor Unit number = Pitobe length, ft. /7SS .
Pitobe heater setting /,
Dry gas Sample
Orifice aH Stack
Dry Gas /| Pitot, in. H,0 temperature, | eoen Tompe | fempe L Stack | Yot
Point CTlpck Meteg in. H,0 in. Hg krature, erature,P'}enssuHre’ erature,
i FAVEDLA /Y g J 08 2D S O IO
Yol /2 46 /4 20 /0 2SO s /ED
411 '2:2¢5 |83/.6%| .0 e 02 = | 52 /60
112" 2f 02 (IS /02 25X 53 /20
Yz1/2'30 oYy 2.2 70 260 | <4 /29
ud /932 O S 207 2S5 | 5% /20 _
VAT i Y= P 2 EZ21 RS o528
MAVEVEY, VES B 2 T2 245 | ag 429
47142 38 | < ' £l /CF 2SO | 4f /74
(S /740 _|8dg 0] . = G5 708 750 J7 /69
I \- Zﬁb Y, >/
-%' 70?' '[ 2 L2
p.25e 4 ’ | (284
124 3
IMPINGER wt. before wt. after FILTER before after LEAK CHECK =
#L : #1 Pre  CFM@___ PSIC =3
#2 : <
’ Qo
# — o by




e

® ¢ * ® ® . o ® *® e ¢ ®
. et Mo F
. i RONVENT SERV /pz/%/& %‘M 2 fow
Plant _/Brnco - [otmun #14)7 CTL. - EWI AL SERVICES Ambient temperature, °F 3O ﬂé"/
Run Number 7/ d : 2305 E. Century Boulevard Barometric pzr-es,s%:re, iy
Location %%E;ﬂf Shorw £ 2 " - South Gate in. Hg 5. 2Y
Date 2L/ 2. A ey R 90280 Assumed moisture, ¥ 3
Operator _ 5.5 ’\2—’—”” Heater box setting, °F = 3
! Sample case number y 4 P Pitobe tip diameter, in. 2.¢57
Monitor Unit number | , ——”__7 Pitobe length, ft. //rr 55 7<)
Pitobe heater setting .. -
. 2,/;/, ﬁAﬂV&/ ﬂ/?) (;d' lgg?
e <zo K- 5¢ LAST Sren
Qe /b ') -02 Dry gas Sample
553 [ho* - orifice e, temperature, | Pump | Case |Impinger Stack
Dl"_Y Gas PitOt, in. H20 © oF ? VYacuum Temp- Temp- Stack Temp..
Point CT]ic:ncek ”eftteg 1";,,"20 in. Hg eratsre. eratuf'e, PrienssuHre, erature,
- Desired Actual Gauge | °F °F v T
1 {2 lloim nor KOEBL o3 lood| L2 AL ¢ |5 |2258us|yp (50 | 2557 Vio /o
A P "o oo 34145 AAv/ % L122% 10 |50 2 4o Yéo
s 1%l Lot 22 woql S ol4n ' g s 2dw |91 [ 2743
/ e e | Vol | 54140 g Y | Iplzeolzelay | 5o N Jeol/eo
5 [t iy Lo PO 54 119 217 g ls z>_¥ 73 1 luoi/éo
1Y R 0,09 1003 50 | 14> 79 Y15 1x%s. 2s1¥F ¢35 [ kol/én
7z 1Ny |z M ooz ] 4 [/l 30 15 2es milso (vl | lipleo
y | osfe  J2v | 29 o3| 20 1165 ‘150 X 15 |Zo 225152 75 { 49 \ /4o
7 | 15Ul 3D] 2l 1725 0 WY por| 22 2.5 2714l s1¢ lzf 22097 % \ Weolréo
v 132 | 2% Yo/ lopt] 22 13,9 27 SQL,,LF S 1 Z 25245197 & L Vol Jo)
N2 % - ZZZ 2101 2.7 [ 2 ;‘, 1L i (D 1227125177 /7 % /ol dip
. % z ool 3 YA S 155 [0 23025042 K Léﬂ
15 A Y Y252 L0005 33 | o 25 153 610 240 2 %7 9z 2o RWLZ
v | N yo | 4V o0l]l 3% o5 25 % 3 217 22| v 4 @,Z%&_
| Xz | o7 2002150 |/ ] 25 182 A4 g2 vf | 4o Lol 62
s VA RTH 2 Y2307 ) lopy 2y Rl Zs 195 10 2551215 | Y6 42| N
17| s7h1a ufige pozlooH )| | 2.9 21195 AR CTAR, £520 [O
| g ok pas @ 10| 24 | 2] 27140 e 19 2002251 v2 [~ ol /60
A N T T X2V WARKY 75 v 19 l2¢en|230] 72143 (o ' /cc
20 | (500 —dLp,005 006 0 397 75 D17 201230 Y5 g7 %S 72 o
‘ IMPINGER wt. before wt. after FILTER before ~ after o LEAK CHECK e
: s /% Ny 0.%085 04337 252 Pre Locs GFM@ /7 PSIC 12
A ' Post_£ieran SBRETN ATpsic o
A/ 5.
\—/ ' -

Wl v [ om 0008

Jrf/ﬁftf / Z‘mM«/ﬁZ«.ﬁ'—/
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oFr
Plant /’5/377(0 Fforenir Ve 7 Ambient temperature, °F <
Run Number / ; 2905 E. Century Boulevard Barometric pressure,
Location 7//247/./2/2«:_52214@% “,  South Gate, CA 90280 in. Hg
Date 9/2¢ /7% . Assumed moistur?. 3 -
' ~ . Heater box setting,
gg:\;?zogase{rﬁber z Yom 570 = 7/ 2/€ 5¢# _ Pi?:ob; ti; d1ame2<gar, in.
Monitor Unit number | ezoc = 19,29/ T Pitobe length, ft.
\Z /CO .J(/ X/‘% Jf? Pitobe heater setting
//50 2 95’/0,2/
; . Dry gas Sample
Dry Gas 1| Pitot or.}:lcﬁ 8"’ temperature, | Pump Case [Impinger Stack Stack
. - emp- emp- -
Clock MZt in. H 6 Z F Yacuum | Temp Temp Pressure Teap
. oc eg n. H, in. Hg prature,|erature,[ - H lerature,
Point Time ft AP Desired Actual Gauge °F °F in. ng °F
d7 |29 __|oo1 0,5 % ?{ g 22 '74 . 95 ZsTf/;f/ //é/Q
vz |4 0ol _ | o4 , 225 ) g | ¢ a
5 ey o735 J,S;‘/r s;;; 3 22 | 4ya” 2 [ED
v 140 X=TR 259 2295 Y4~ s
A P Q.03 [ied 46 : é: 21y | 4¢ \ LLo
‘/47 ;:Z 19,0‘2{ 390 %;?l( . 225 ;/é ' ;50
ol : 0 2,2 225 o
g 158 WAl WNYi 2. £« 5 225 52 /2
L 7 %’_'—_:Z::-—-— =
. 20) 02/ -3 0C 75,1 3= 775
IMPINGER wt. before wt. after FILTER before after LEAK CHECK
{1l ' #1 Pre CFM@ PSIC
% | ;g _ ‘ Post CFM @ PSIC
S — ' 1
;zw/ /Gyt
/7// £Z4
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(Esét/ééa’fm(”?f flow 2—

Plant ﬁjﬁﬂ ﬁflo’hlﬁ Ambient temperature, °F {-5
Run Number 2905 E. Centurfy Boulevard Barometric pressure,
Location W South Gate, CA 90280 in. Hg _2¢. 00
gate 5/22 f}?. y Assumed moisture, % Z] .
perator .- ot = %—3-:7‘ 5% Heater box setting, °F 2.0 /3)
Sample case number 2 o = Wic ;),, 1S Pitobe tip diameter, in. [2]
Monitor Unit number ] Yezoc, : Pitobe length, ft. //~<- _s)
,?'//0 ﬁ?«f& 574 Pitobe heater setting J/Z
Ziso- _G83L 9548 Cp > #957.537
. G ANy Lond OOOY(A/DSCI: ﬂ&c /0’:3
Zwin/ Ve (=) -, 27 . Dry gas Sample
oy Orifice aH, tempgrgture Pump Case |Impinger Stack
Dry Gas - Pitot, in. HZO - oF : Yacuum Temp- Temp- Stack Temp-
Clock | Meter [in. H.0 in. Hg b atpre at e Pressure, erature
Point | Time ft3 | ap G op S op e [ in. Hg ST
Desired Actual auge F F
/ Lo 2 Y729 0.03 | [ 73 50 s 12¢5 1.3¢ 2¢.o0| [39
z 12 ' 0.0C 3.5 y. 44 A 245 24 ) WA,
3 /4 2.0¢ 40 % Z 25 2 750
] /¢ 2.09 5./ [ 25 1 37 1LD
2 L 0.1D 4 %4 70 265 1 o1 /60
¢ 20 0l 4. ol /D 245 75 \ LED
/ 22 o.[D e X6 /D 270 | %D ] L0
g 2 2.07 A o i /D 2720 | 52 | 7éo
7 1/32 Tl ood | 2.3 15 5 | 2% | 77 J /7
Lo 39 005 3,0 ) A 250 7Y [ A2
L 2 005 | 50 3¢ ¢ | A5 | 73 AY /%)_
/2 %] 204 2.3 T/ 5. 255 | 77 L Lo
/3 ) o.04 3 17 z. 230 78 L&
i /Z 0.0¢ i WA 7y A 220 7y [eO
Z 79 i I{ A 4 22 V) 250 | 75 Léo
/¢ L4 O/ ¢ 7 7L N 7 275 | 52 LLO ]
/A /oY 1932, 790 p.oY 2.3 ﬁ% 45 2és ] o 1 W
/% 5L 004 2 ) 4 2¢5 Y0 | L)
/9 55 203 |1 [¥x T 5 25 7O : 72
IMPINGER wt. before wt. after z before after

/B/

‘o

P )1

/}J’ ba

LEAK CHECK
#17- - zM’ Pre <©.0/ CFM@ Z PSIC
g Z\j é _/é Post <0, 0/ - <2.0/ CFM@ PSIC

5-«:«7 /A/m(/

G8E0ZCTO
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Plant : , Ambient temperature, °F
Run Number 2905 E. Century Boulevard Bai\rometric pressure,
Location ' South n. Hg
Date j ! ouLhs Sare, bR el Assumed moisture, %
Operator ' Heater box setting, °F
Sample case number Pitobe tip diameter, in.
Monitor Unit number Pitobe length, ft.
Pitobe heater setting
ﬂ’éd 20,3
Dry gas Sample
) Orifice oH, tempgrgture, Pump Case |Impinger Stack
Df‘y Gas Pitot. in. HZO - OF Vacuum Temp_ Temp- Stack Temp..
Point CT]iOCk Meft;:eg ""APHZO in. Hg Prature,|erature, PrienssuHrge, erature,
n me Desired Actual Gauge | °F °F °F
20 | j7e0 | omF | 00/ 057 55 3 1745 . 7o 7290 1 7726
A N 2.06 3.5 e il & 255 | 35 D) /co
_27 PiL&F 006 | 39 73 4 225 | 40 7 760"
23 . .09 1.2 72 % 715 Yy D
2y | ogs 011D 44 7z 230 | 47 Jﬁ)
[—za | 2.3¢ 0.0 /2 gl ¢l 294 | 45 yA7)
Y 2.0C g 7/ i 275 | 75 20 __
271 29 2.0 /.2 9/ 7 250 52 V27
29 3¢ oo/ %% 97 5 255 | 4= op)
27 57 1 2.or ‘2 %2 £f 250 53 (60
20 2 0,07 4D Z3 £ 2é0 53 )
3/ | rz ’ o | S50 | 753 2 20 | s¢ Léo |
il 7/ 72/ 38| 2,07 50 24 7 2o | <5 \ Lz,
2531 2. 9% oot L/ 773 v 280 |__»% A (60
kYA EEE) J.0o o_ g Q0 232| 4o L
5| o= Dol 056 i 2 230 ¢& 0
x| o7 2.02 i 1 93 </ 2351 4% | /(5o
] o6 D06 3.4 9z, V{ 2341 o5 | 1 760
3yl o .05 £9 77 7 730 3 ‘ /60 o
7 -
IMPINGER  wt. before wt. after FILTER  before  after LEAK CHECK ™o
# Y Pre CFM @ PSI¢ <
#2 oo
ﬁ ;2; Post : CFMQ@ PSIG 0
/
4,/

274 o217
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CTL - ENVIRONVENTAL SERVICES Bo lovkr Sirer "2 Momo
Plant . ~ Ambient temperature, °F
Run Number . . 2905 E. Century Boulevard Barometric gressure,
Location "y " South Gate, CA 90280 in. Hg
Date . . axe a : Assumed moisture, %
Operator . Heater box setting, °F
Sample case number , Pitobe tip diameter, in.
Monitor Unit number ' Pitobe length, ft.
Pitobe heater setting
Jote T3
Dry gas Sample
Dry Gas /| Pitot Or:fic§ 8"’ temperature, | Pump Case |Impinger stack Stack
Clock M'Zter in. H 6 "2 _°F Yacuum | Temp- e Pressure Temp-
; ; 3 D 2 in. Hg frature,|erature, [ 'lerature,
Point Time ft AP Desired Actual Gauge °F °F n. Hg °F
2 D) 12l 1 2.7 A D 125 I 5F 172220 | 7z»
Z 'z 192953710.05 2.% 97 L 12601 £p - 775!
9/ 3.24 oo/ 0.55_ g4 o 250 40 )\ Ko
72 2¢ .2/ 2,55 & q z5e | Y5 [ Z
‘//3Y - 2% 0.073 ﬁéﬂ’ 9‘2’[ 3 z,z:r_z;) ‘% \L (50
(] 2 5 \ - A — ¢ 0
va | 57;. . gz‘/ 2.2 Y Zr Z?D Y |/ {;’3
ZA KX Jo5 2.5 2 A 252 B4 _ /57)
71 3¢ 0.0¢ 24/ Y . & 250 £3 %)
2 d k74 o7 77 007 3.7 - Z | 290] sz 3;22‘\
1/#,,»0::4 7-30571 X727 =¥ s W1
90,67 parex 1 '
IMINGER  wt. before wt. after FILTER  before after LEAK CHECK =
#1 ' ' CrM @ PSIC py
CFM @ PSIC ¢>
: oo
~3
. Lol,/) A

ll /
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CTL - ENVIRONMENTAL SERVICES - OF
Plant ,ﬁf@_éo */[ mﬁ// ‘ BW Ambient temperature, °F 90 5
Run Nl;mber 3 " 2905 E. Century Boulevard Barometric pressure,
Locatfon Aor sz smr?2 " ¥ South Gate, GA 90280 in. Mg _25.72
Date 7_7/74 . o it ? Assumed moisture, ¥
Operator < <~ . Heater box setting, °F Zso [/3.5)
Sample case number __ 2.~ Pitobe tip diameter, in. »,Y ¥5
Monitor Unit number /7 Pitobe length, ft. /& /s5)
Pitobe heater setting 2/,
' Dry gas Sample
Dry Gas ‘| Pitot Or::iCS SH’ temperature, | Pump | Case |Impinger| ¢4, , | Stack
» « Hy . oF Vacuum | Temp- Temp- Temp-
Clock Meter |in. H20 in. H Pressure,| ..+
Point Time ft 3 AP . ng eraoture, erature, in. Hg eraoure,
Desired | Actual Gauge | °F °F F
I | §78m|G57 3507 0'0; 17 20 g 2.2 | 32 2552 /;’%
: 2.0 % 2.2 Lo | ([ 250 32 ) /3
~ 22 0.0 ) o | 7 252 32 { /50
2 ) 5.( Z/ /0 2¢p 32 ) /5D
) ¢ 2.1/ ¢/ £2 /) 26D 22 L /SO
1 ',] ';7 10, /// /7; 43 /0 %0 27 71 /30
v ‘1 o,/ /. — 2720197 e
‘ ’z 2.07 Y0 v 5 Z270|  ¢¥ i 152
Z £56 1000.2711 003 /7 0 < Zr8 35 / /50
re Ps'd 1209 P VA7 5 4y 15 \ /32
1/ §.00 0 0 2,0 " /" e 155 15 \ ) sO
22 0.0 ' 3 L0 5 T2 37 )| /52
73 24 0.0 ¢ Z 3 </ s 255 35 / 752
3 0% b.07 40 47 s 750 37 / /52
2 oy 2.// Ay, ¢y | 272 39 _ | /[0
7 [0 2./2 6./ 65 | /0 250 3¢ [ /5]
I 1922 13.3% % 2.7 el R 2¢0 | 37 | 1)
i) Y oY 2.z i | 5 240 37 \ /52
i 24 6.07% L2 x4 By 200 37 /50
IMPINGER  wt. before wt. after " FILTER before after 4 LEAK CHECK _ S
jﬁ $25. 9 -5 87 o090 gg 0435 235 Prep,o/ CFM@ /9 PSIC 1)
i3 oA [l N N Post £0.2/ cFM@ /7  PSIC e
rl . 2 ~ 7 ) 2. ‘
XY 9/20/79

L4
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CTL - ENVIRONVENTAL SERVICES . e 2
Plant . : Ambient temperature, °F - oF 3
Run Nt{:mber i : 2905 E. Century Boulevard Barometric pressure, -
Location ! South Gate, CA 90280 in. Hg _
Date ' . W= Assumed moisture, %
Operator Heater box setting, °F
Sample case number Pitobe tip diameter, in.
Monitor Unit number Pitobe length, ft.
Pitobe heater setting
Dry gas Sample
. Orifice aH, tempgrgture Pump | Case [Impinger Stack
Clock | Meter [in. H.,0 Z F H o= empP= pressure,
Point | Time ft 3 ap 2 n. Hg lerature,|erature, in. Hg erature,
Desired | Actual Gauge | °F °F F
Zo 7 203 | 7.7 2z 7 120 70 Y41/
2/ S0 203 é 7 £ | 260 /7 50 .
> 32 0,06 N4 { 7 2¢s | 93 £52
z3 1Z 610 &2 7? /D | 25 ‘/5}//( ‘3 5@
. Z" 7 01 // él’L / Z;‘o o
2y 199Y 3Nt po/ O, 55 y 22 % Zéo | Yz /52
2¢ S0 ‘1 ool o055 70 3 2éo (74 750
27 5T ooz |/ 70 7 | tlo /2 D
23 {v 0. 03 L2 70 s 260 Y/ V212
;a }’é{ o.o5 2.5 zZ/ i 230 9/ 45‘3
Cd 0.0y 2.5 4 71 /5 va 2
3/ 10-Go L0, () 723 o %:3’ [ 74 /30
__%Ea__& 0 /// Lale 23 7 Z¢o Y2 /b/‘a
35 | 1o/? 0.0 D55 70 20 Z) Y.
r | %79 | 2. 01 O T 20 % Z;io 37 P27V 2d
3] mai £.03 2 z 75 39 S
3¢ £yas] .04 3.9 D ¥ 275 39 122
37 25 2.2 39 72 7 z50 35 L3O
3% 2513 .07 1 39 7 250 4 _leo =
r <, (S
IMPINGER wt.. before wt. after " FILTER before after LEAK CHECK n3
il “ Pre CFM@ PSIC 8
jig Post CFM@ PSIC %
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- ENVIRONENTAL SERVICES | oF
Plant (L : Ambient temperature, °F
Run Nl;mber iy 2905 E. Century Boulevard Barometric pressure,
Location T South G CA 0280 in. Hg
Date R outh Gate, s Assumed moisture, %
Operator Heater box setting, °F
Sample case number Pitobe tip diameter, in.
Monitor Unit number Pitobe length, ft.
Pitobe heater setting
Dry gas Sample
' Orifice aH, tempergw,e, Punp | Case |Impinger| ¢ ., | Stack
Dry Gas Pitot, 1". HZO , °F Vacuum Temp- Temp- tac Temp..
Clock Meter in. H20 in Hg tp t P Pressure, erature
Point | Time ft3 | ap G op | ep T | in. Hg ST
Desired | Actual auge | °F F
# | %25 o070 | tZ 75 T 25 | 75 /%0
___Z%__:&J_L O/ 5 77 ) 250 7Y 745
9| lp!Y2 \OL770] |[2epo5 o 73 O 225 | 95 (70
g2 (A% | <0.00 5~ o Z23 2] 215 |7 d /%o
28 A ool | O.55 3 225 94 LZ2
‘/; A% IR o,oé /.7 g 225 | ¥Ys ;‘;0
“ & O ’ $ 230 vy Q
Wl &5 20F | 3 ZL % 240 7% /59
w1 v 0.03 1 7 & 2%¢ 74 L5
yod Y 7) . 5 250 50 (Y2 ]
e M A LA 73] 1
= Z I3 5
: <
IMINGER  wt. before wt. after FILTER before  after LEAK CHECK s
#l N Pre CFM@ PSIC T2
2 ()
3 #% Post; CFM @ PSIC 2
#" e o . M ;44«0;/[,@,-«.@
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Plant Assnco -/é&/’lm.q ;ﬁ,‘ - CIL - ENVIWN. SERVICES

Run Number & 7

Ambient temperature, °F 5O / / "‘)

Location P2 - '.
Date %%z /7 |

Operator s
Sample case number 2

2905 E. Century Boulevard
. " South Gate, CA

90280

VoS Y3, [5Y ser

Barometric pressure,

in. Hg

25,99

Assumed moisture, ¥ 2~
Heater box setting, °F 250
Pitobe tip diameter, in. 0, Y¥S

TSI e L= 1540 i ettt
Ao : Y A
A : ,Zﬁb ?7?ZL_,
ibw/ﬂnff Dry Sample
gas mpie
Dry Gas 4| Pitot Or:’f'icle{ SH’ temperature, | Pump | Case |Impinger stack | Stack
’ « H9 - oF Vacuum Temp- Temp- Temp-
Clock Meter [in. H,0 Pressure,
Point | Time Tt 3 ap 2 in. Hg lrature,/erature, in. Hg |eTature,
Desired Actual Gauge | °F °F : F
79 | 27370/ 00b| 2.7 | 2.32 gy 3 2¢o BI7 | 730
¥7 3y .6/ | o.56 7 3 255 | 35 ) L30
_ Y 3L o3l )7 a9 £ 25> | 39 / ;720K
4 | =g ood | 2T 75 3 259 yo [ /42
97 1. Yo oo | laé 9y y 230 77 1 1 7]
’9,71/ ;{;L | <0003 ;5’ [6) 30 Y¢ \I ;yz
‘1 <0.00 ¢ (2 5 = O _ 2%0 ¥y 7
7 [ 7 ool | D& _ g K 280 | K 2
#Jﬂ aﬂ__.g?id____ o5 Zio | 93 -3/
Y 0./0 % 4{ 270 97 1 , 2
%ﬁ' %20 /01 56 . : 2K | 74 12
ot o 3 e v,
381 __o¢ 2.0 i g |z | s 2¢2_|
A oY 1. . 2.0 ¢ ?(K 4 25| 59 o
32 /0 0.0 VA J’)L Pl e | 4D L
s 5 T :
T ’ L, 7 235 A
30 il o/l L2 Z y24) 235" 7/ J‘ Lé2 |
IMINGER  wt. before wt. after 'FILIER before after & LEAK CHECK
#l 0 3 77 #2324y 237 28 Pre <o/ CFPM@ _// PSIC
i3 27 2'7 L Post <40/ CFM@ _/7 PSIC
4 ya 70
w L0 Ladll ’ ‘7&»‘0{« éﬁ‘“"b
30', l L Ancvoantros A.M(ln/hfo g/l ¢ 53/77'




Plant ) ' ClL - ENVIRZNWN_ SERVICES {

Ambient temperature, °F /2 eF 3
Run N\:mber ‘ 2905 E. Century Boulevard Barometric pressure,
Location R in. Hg
Date ' South Gate, CA _ 90280 Assumed moisture, %
Operator ‘ ' : Heater box setting, °F
Sample case number , Pitobe tip diameter, in.
Monitor Unit number ' Pitobe length, ft.
Pitobe heater setting
Dry gas Sample
Orifice aH, Pum Case |Impinger Stack
Dry Gas -| Pitot, in. H0 e s;ature, Vacuum Temp- ?emg- Stack | "y,
: Clock Meter |in. HZO in. Hg prature,|erature Pr.essure,eratm.e’
Point | Time ft3 | ap bestred | Acta) Gauge | of | ep 7| in. Hg [ST%G}
6| 2¢ | 707 | OoZ [ 3, /oo Z_ 1235 | 77 2:.59 | /70
7y | 2% 075"_3235/ [2/ e_ s 1 92 - =
27 5o oo %;C le/ 5 | 235 o7 ] o
2¢ 1 22 ®.0 & Lé] < | 2¢ 7% /
Z 3y 0.09 2.2 lol 5 ?{ 4 L
27 | 398 17/7 | 0,/D EA T q (| s L2
251 %D 1 o.// ‘.r /o | s | 5o 120
2] & Q.07 45 i 27 Y5 A | /25"
X 5y 20 s Z 2720 | o~ /-
20154 e oy | us g 7 27 | o= LL3
171 K 0.0 e |, 16D § | 26 52 /50
K| J:00 oo | 39 W2 e | 25| @ 242
12l D2 ; Pd.oy s~ {ﬁ/o /7& 1(5{— iyz e
429 37| A2 22
J ¥ W4 17 729 LY | 224 Y L2
/‘é ?g O 7 62 75 /o 250 ;/7 7}3/
/ , 2.0 7 250 5 acdm
/2 7 a0 2.% (V. & 25y y5 [Z0)
1T 39 0.0Y _2.r 7¢ 3 1 2¢o sy (25 ] o
o
IMPINGER wt. before wt. after - FILTER -before after LEAK CHECK ™)
il . M Pre CFM@\ __ PSIC 8
i PSIC
ﬁ | % _ Post____ CFM@ _____ | &

s == M
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Plant " (L ENVI A ICES Ambient temperature, °F ; ‘_’f —3
Run Nt;mber .. 2905 E. Century Boulevard Barometric pressure,
Location . L h in. Hg
Date ' South Gate, CA 30280 Assumed moisture, %
Operator ' . Heater box setting, °F
Sample case number . Pitobe tip diameter, in.
Monitor Unit number Pitobe length, ft.
Pitobe heater setting
Dry gas Sample
Orifice aH, Stack
Dry Gas -| Pitot, in. HZO Heop s;ature. Vgg?}ﬁm T(':m?_ Im_;;;r‘:gfr Stack Teamcp"
Point CT]iOCk Meftéeg in.PHZO in. Hg Frature, erature, PrienssuHrge, erature,
me s Desired Actual Gauge | °F °F ) F
y4 . .
177 7 | .07 = 74 b) 260 | 5Y 26,31 | ) 75:
9% XX 2.9 1A L 220 | sv S /75
S |58 nox | 45 X5 7 Z—Z}% 12) )
Al IRST o 1 L2 X [0 2 §0 [ £
A 2/ 2.7 L : 7 2io | so | /¢o
Y 25 1 o e /g — 270 115
’); 2; 0.5 {;% ?ﬁ ' 270 ,";' 117{’; .
2 Dol 19) : 2722 | § J
] 3/ . 2,09 2.2 S0 % 265 | 55 /X0
4 ——l - & ‘ - ) N j»’/’ > e
2839%9.511 .J;A? 22423 A /¢ L.
=
=
IMPINER  wt. before wt. after 'FILTER before  after LEAK CHECK 9}
i » "y P GM@___ PSIC o
#2 - #2 Post CFM@ PSIC
ﬁ . 3 | . w
em 1 bl




Sample case number {

Monitor Unit number Z-

D eesd.

[y

-

—

CTL'- ENVIRONYENTAL SERVICES

2905 E. Century Boulevard

L ® . ®
Plant /#5/co - /44zaw,, Aow7
Run Number : . .
Location r Srre 37 South Gate, EA 90280
- Date 7 -
Operator JD Coe
| Cp-— 517
Ya. 570 (5, 1F2 3¢ F
%aoc/ 7y

AH<0

Ambient temperature, °F &55 5

Barometric p
in. Hg

Assumed moisture, %

Heater box_ setting, °F
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Plant W Ambient temperature, °F S S
Run Number ~ : 2905 E. Century Boulevard Barometric pressur? y
, Location 2&1 howse # 3 « "+ south Gate, CA 0280 in. Hg 25.9
Date -6 -77% N W OHEh Eata, b 2 : Assumed moisture, % s
Operator /7934 e | : Heater box setting, °F _
Sample case number : . o Pitobe tip diameter, in.  #¢#¢
Monitor Unit number - 2 , Pitobe length, ft. /¢ 55
Coy = 0'32' ' PM Pitobe heater setting _/ -
Oy . 20. /
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Run Number : 2305 E. Century Boulevard Barometric pressure, 9/
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Date P-27-79 . Assumed moisture, % z[
Operator Oeb VoS0 GAZET scrm L7275 Heater box setting, °F Zso
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o o7 0| orifice a Or¥ gas g
950~ |Dry Gas # Pitot, in. H.0 ’ tgmpsrature, Vggﬂﬁm TCase Im.;;inger Stack STteamcpk--
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Plant w W (L. - E!WI AL SERVIGES Ambient temperature, °F

Run Number 2905 E. Century Boulevard

Barometric pressure,
locﬂt’on ", South Gate, CA 90280 in. Hg
Date . Assumed moisture, %
Operator : Heater box setting, °F
Sample case number , Pitobe tip diameter, in. _ &7s
Monitor Unit number ‘ Pitobe length, ft. ¢35
W 2 Pitobe heater setting 2
Dry gas Sample
, Ocifice a4, tempergture, Pump | Case [Impinger Stack
Dry Gas ‘| Pitot, in. H,0 TV oF Vacuum | Temp- | Temp- b t2K | “Femp-
Clock | Meter |in. H,0 in. Hg breth ture Pressure,l CSWC
Point | Time ft3 AP 6 rao ure, erao urés| in. Hg e
Desired Actual auge F F F
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Plant X 4 ‘%“- : CTL E'W AL &5 Ambient temperature, °F R
Run Number =1 : 2905 E. Century Boulevard Barometric pressure, \
Location _%&_75_‘ . South Gate, CA 90280 in. Hg __ <
Date - RAJ*7 Assumed moisture, %
Operator | V%4 : Heater box setting, °F
Sample case number , Pitobe tip diameter, in.
Monitor Unit number 3 . Pitobe length, ft.
M Pitobe heater setting
. Dry gas Sample é
Orifice aH,
Dry Gas | Pitot, in. H,0 tgmps;ature, V:‘cusgm TCeamse_ Im};;:(gf( Stack STte?ncp‘f-
Clock | Meter |in. H,0 in. Hg brature,|erature, [7eSSUr® erature
Point | Time ft3 aP G o | op | in. Hg oF
| Desired | Actual auge | °F F R
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42 | 3 28 005 27 G2 2y EWA /20
43 | 20228 LOR 4L 723 2451 s/ ( 20
741230 .0% LS 22 AY9 | s? /72
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Plant /IS5 /m &8 ~ A2 o /o™ CTL - ENVIRINENTAL SERVICES Ambient temperature, °F 2 /7 i /6F S

funa':l:mb" = . 2905 E. Century Boulevard Barometric pressure,
Dgie 03 2534 o~ x & ' South Gate, CA 90280 in. g _2¢.07

Assumed moisture, 2 2

Operator §oJ ' = : = :
L s I FUa CU oAl e o
Monitor Unit number ! Yoaoe. L3 NO FriSce Pitobe length, ft. . >3
.0 37 4 Pitobe heater setting /7.
£Ap v o~ ©O.00 cn/DScE Me 7o boNn sz»\,_,____
Dry gas Sample
Dry Gas ‘| Pitot Or}:iCS SH’ temperature, | Pump | Case [Impinger stack | Stack
Clock | Meter [in. H.0 ~ 2 _°F Yacuum | Temp- | Temp- Presscure Tep-
Point | Time ft 3 2 in. Hg prature,|erature,| ; ‘lerature,
AP Desired Actual Gauge | °F °F in. Hg °F
I 1 3 UBIs oo 7 7= 7 3 3 77,02 N
ELT 37 | o.0¢ 3.Y 43 g 2} g ° //ﬁg
s —— zgé g.g? 3.9 L2 ; 2C5 23 /Y0
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Plant CiL ENVI L 1S Ambient temperature, °F eFy
Run Number . 2905 E. Century Boulevard Barometric pressure,
Locatfon "' South | in. Hg
Date ' South Gate, 6\ Sl Assumed moisture, %
Operator Heater box setting, °F
Sample case number Pitobe tip diameter, in.
Monitor Unit number Pitobe length, ft.
Pitobe heater setting
Dry gas Sample
1 a2 Orifice aH, tempergtu,.e Pump Case |Impinger Stack Stack
Dry Gas /| Pitot, in. H,0 T oF > |vacuum | Temp- Temp- tac Temp-
Clock | Meter |in. H.0 in. Hg tp t Pressure,( o ture
Point | Time ft3 | ap? Gange | adre, erature. | ', pg |oroL"e
Desired Actual auge F F
Zo 752 0.02 7l 77 7 22y |77 /50 _
z/ L9 0.0 [ 7 v &4 5~ 270 Y/ /Y0
22 24 .09 oz 27 A zzo_| 9/ V42
27 1% 0.07 7 75 7 2¢5 Yz WAL
- 2Y %0 O, /10 P A YA 7] 2éo 72 LLO
5| Yo 1223337 g0z | /.7 d Y 1 Z¢o 72 22
2 42 1 oo | 1.7 75 o s | vz 78
27 ¥y 0.0/ 0.56 75 3 240 /2 50
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20 [ 005 1 . 75 % 240 Y0 Vid?)
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ant . CTL - ENVIRONVENTAL SERVICES Zw o3

‘ Ambient temperature, °F
Ruh Number . 2905 E. Century Boulevard Barometr]cmgrzss:re,
I[;ocaﬁon - "' South Gate, CA 90280 in. Hg .
ate | Assumed moisture, %
Operator ; Heater box setting, °F
Sample case number - , Pitobe tip diameter, in.
Monitor Unit number - Pitobe length, ft. .
Pitobe heater setting
Dry gas Sample
Dry Gas /| Pitot Or:;‘ic§ 8“' temperature, | Pump Case [Impinger| ¢4. . | Stack
Clock | Meter |in. H.0 ~ 2 ~ °F Vacuum | Temp- Temp- b ossure,| TeMP-
Point | Time ft 3 ap 2 in. Hg Erature,|erature, in. Hq |erature,
Desired Actual Gauge | °F °F - °F
1 X 5 o 7
v/ | 12.2¢C 297,26/ | 0.0 o 7 o 50| g2 /YO
e | - 2% 2.0 /o) Zs o z2so | <o VaZs)
3 32 ool 2,56 25 5! 250 S0 /Y0
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sl IrOF; = 7z ’ K770
D] o zg![ z?z:{‘
=)
IMPINER  wt. before wt. after FILTER before after LEAK CHECK :3
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APPENDIX G

BAGHOUSE STACK SAMPLING POINTS
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APPENDIX H

STACK TEST EQUIPMENT CALIBRATION
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APPENDIX I

PITOT TUBE CALIBRATION
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